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BIFVNCTIONAL HETEROCYCLIC COMPOUNDS AND 
METHODS OF MAKING AND USING SAME 

RELATED APPLICATIONS 

This application incorporates by reference and claims priority to U.S. Patent Application 
Nos. 60/414,207, filed September 26, 2002, and 60/448,216, filed February 19, 2003. 

FIELD OF THE INVENTION 

5 The present invention relates generally to the field of anti-infective, anti-proliferative, 

anti-inflammatory, and prokinetic agents, and more particularly, the invention relates to a family 
of bifunctional heterocyclic compounds useful as such an agent. 

BACKGROUND 

The evolution of strains of cells or organisms resistant to currently effective therapeutic 
1 0 agents is an ongoing medical problem. For example, the development of cancerous cells 

resistant to chemotherapeutic drugs has long been recognized as a problem in the oncology field. 
Once resistant cells develop, the therapeutic regime, in order to remain effective, must be 
modified to introduce other chemotherapeutic agents. Another example of this resistance 
problem is tlie development of strains of microbial, fungal, parasitic and viral pathogens resistant 
15 to one or more anti-infective agents. As a result, there is still a need for new anti-proliferative 
and anti-infective agents that are effective against strains of cells or organisms that have 
developed resistance to currently available agents. 

In the field of anti-infective agents, a variety of different antibiotics have been developed 
and approved for use in humans over the years. An oxazolidinone ring containing antibiotic 

20 known as linezolid (see, compound 1), available imder the trade name Zyvox®, has been 
approved for use as an anti-bacterial agent active against Gram-positive organisms. 
Unfortunately, linezolid resistant strains of organisms are already being reported (Tsiodras et aL 
(2001) LANCET 358: 207; Gonzales et aL (2001) LANCET 357: 1179; Zurenko et aL (1999) 
PROCEEDINGS OF THE 39™ ANNUAL INTERSCIENCE CONFERENCE ON 

25 ANTIBACTERIAL AGENTS AND CHEMOTHERAPY (ICAAC); San Francisco, CA, USA, 
September 26-29). 

1 
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Because linezolid is both a clinically effective and commercially significant anti- 
microbial agent, investigators have been working to develop other effective linezolid derivatives. 
Research has indicated that the oxazolidinone ring is important for Unezolid activity. The 
5 literature commonly desaribes molecules having small groups substituted at the C-5 of the 
oxazolidinone ring, and early structure-activity relationships suggested that compounds with 
larger groups at the C-5 position were less active as anti-bacterial agents. As a consequence, it is 
believed that, in general, investigators have been reluctant to place large substituents at the C-5 
position of oxazolidinone rings in anti-microbial agents. 

10 International patent pubUcation no. WO 01/81350 discloses a series of C-5 substituted 

oxazolidinones (see, general structure 2) where the acetamido group of linezolid was replaced, 
for example, with an optionaUy substituted N-linked 5-membered heteroaryl ring or anN-linked 
6-membered heteroaryl ring. The 5-membered heteroaryl ring may contain either (i) one to tiiree 
further nitrogen heteroatoms, or (ii) a fiulher heteroatom selected from O and S together with an 

1 5 optional further nitrogen heteroatom; wherein the ring is optionally substituted on a C-atom by 
an oxo or thioxo group; and/or is optionally substituted on a C-atom by one or two Ci^ alkyl 
groups; and/or on an available nitrogen atom (provided that the ring is not thereby quatemized) 
by Ci.4 groups. The N-linked 6-membered heteroaryl ring may contain up to three nitrogen 
heteroatoms in total, wherein the ring is substitiited on a suitable C-atom by oxo or thioxo 

20 groups, and optionally substituted on any available C-atom by one or two Ci^ alkyl groups. 



O 




In addition. International patent publication nos. WO 99/64416 and WO 00/21960 also 
disclose a series of 5 -substituted oxazolidinones (see, general structure 3). In particular, WO 
25 99/64416 discloses compounds having the general stinicture 3, where X is -O- or -S- and HET i 
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a C-linked 6-membered heteroaryl ring containing 1 or 2 nitrogen atoms. WO 00/21960 
discloses compounds having the general structure 3, where X is -N(H)- and HEX is a C-liuked 5- 
membered heteroaryl ring containing 2 to 4 heteroatoms independently selected from N, O and 
S, 



O 




European Patent no. 0 097 469 Bl discloses intermediates of compoimd 4 which are 
useful in the synthesis of triazole anti-fimgal agents of general structure 5. The intermediates 
may contain a disubstituted C-5 atom in the oxazolidinone ring, and the nitrogen atom of the 
oxazolidinone ring is a secondary amine. 




Gregory and coworkers disclose the synlhesis of a variety of oxazolidinone containing 
antibacterial agents (Gregory et al (1989) J. MED. CHEM. 32: 1673-1681). Compound 6, a C-5 
substituted five-membered heteroaryl derivative, was inactive as an antibacterial agent. This 
observation appears to be consistent with other oxazolidinone containing compounds that have 
the opposite stereochemical configuration at C-5 relative to that found in linezolid. 




Oxazolidinone compounds similar to those of compound 8 have been formed via 
decomposition of substituted nitrosoureas 7 and have been useful as anticancer agents (Mulcahy 
et al (1989) EUR J. CLIN. ONCOL. 5: 1099-1 104; Carmiati et al (1989) BIOCHEM. 
PHARMACOL. 38: 2253-2258). 
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7 



US Patent 6,034,069 discloses a series of 3'-N-modified 6-O-substituted erythromycin 
ketolide derivatives similar to compoimd 9. The aryl group attached to the aminosaccharide 
moiety (represented by a 3-pyridyl group in 9) was variable, and non-aryl substituents were 
5 synthesized as well. 



Published German patent application DE 196 04 223 Al discloses oxazolidinone ring- 
containing compounds of the general structure 10, where Ri can be, in addition to otiher 
structures, a substituted or unsubstituted five-membered ring chosen from thienyl, furyl, pyrrolyl, 

10 pyrazolyl, thiazolyl, oxazolyl, imidazolyl and pyrrolidinyl. 

O 



U.S. Patent No. 6,362,189 discloses antibiotic compounds having the general formula 11. 
To the extent that the chemical moiety denoted by the symbol "G" may be an oxazolidinone ring, 
the ring may be substituted with a thiocarbonyl functionality, namely a -CH2NHC(S)Ri. 




N 



9 




4 
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11 

International patent publication no. WO 99/63937 proposes the synthesis of multivalent 
macrolide antibiotics comprising a portion of a macrolide antibiotic linked via a linker to a 
portion of another known antibacterial agent. Two of the compounds proposed, although 
apparently not made or tested, include those shown below having the formulas 13a and 13b. 




NH2 




. ^ HQ. N 

'//// -J r 



13b 




Notwithstanding the foregoing, there is still an ongoing need for new anti-infective and 
anti-proliferative agents. There is also an ongoing need for new anti-inflaomiatory agents, and 
new agents to treat gastrointestinal motility disorders. 

10 SUMMARY OF THE INVENTION 

The invention provides a family of compoxmds useful as anti-infective agents and/or anti- 
proliferative agents, for example, chemotherapeutic agents, anti-fungal agents, anti-bacterial 
agents, anti-parasitic agents, anti-viral agents, and/or anti-inflammatory agents, and/or prokinetic 
(gastrointestinal modulatory) agents, having the formula: 



5 
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A A 

A V ^ Z 

or pharmaceutically acceptable salts, esters, or prodrugs thereof. In the formula, p and q 
independently are 0 or 1 . Also, A, at each occurrence, independently is a carbon atom, a 
carbonyl group, or a nitrogen atom. The B, D, E, and G groups can be selected from the 
5 respective groups of chemical moieties later defined in the detailed description. 

In some embodiments, the invention provides a family of compounds having the formula: 

A^ 

V I 

G ^Bp-(CH2)q-D-E 

or pharmaceutically acceptable salts, esters or prodrugs thereof. Li the formula, p and q 
independently are 0 or 1. Also, A, at each occurrence, independently is a carbon atom or a 
10 nitrogen atom, provided that when one A is a nitrogen atom, the other A is a carbon atom. The 
B, D, E, and G groups can be selected from the respective groups of chemical moieties later 
defmed in the detailed description. 

In other embodiments, the invention provides a family of comporinds having the formvila: 

A- 



Y 




A' 

® ^ ^Bp-(CH2)q-D-E^ ® ^Bp-(CH2)q-D-E^ 

/ A 

\ " 

15 ° ^Bp-(CH2)q-D-E or ° "Bp-(CH2)q-D-E 




or phannaceutically acceptable salts, esters or prodrugs thereof. In the formula, p and q 
independently are 0 or 1 . Also, A, at each occurrence, independently is a carbon atom or a 
nitrogen atom. The B D, E, and G groups can be selected from the respective groups of chemical 
moieties later defined in the detailed description. 
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In another aspect, the invention provides a pharmaceutical composition comprising a 
therapeutically elBfective amomt of one or more of the foregoing compounds and a 
pharmaceutLcally acceptable carrier. In yet another aspect, the invention provides a method for 
treating a microbial infection, a fimgal infection, a viral infection, a parasitic disease, a 
proliferative disease, an inflammatory disease, or a gastrointestinal motility disorder in a 
mammal by administering effective amounts of the compounds of the invention or 
pharmaceutical compositions of the invention, for example, via oral, parenteral, or topical routes. 
In still another aspect, the invention provides methods for synthesizing any one of the foregoing 
compounds. In another aspect, the invention provides a medical device, for example, a medical 
stent, which contains or is coated with one or more of the foregoing compoxmds. 

The foregoing and other aspects and embodiments of the invention may be more fully 
imderstood by reference to the following detailed description and claims. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a family of compounds that can be used as anti- 
15 proliferative agents and/or anti-infective agents. The compoxmds may be used without 

limitation, for example, as anti-cancer agents, anti-bacterial agents, anti-fungal agents, anti- 
parasitic agents and/or anti-viral agents. Further, tlie present invention provides a family of 
compoxmds that can be used without limitation as anti-inflammatory agents, for example, for use 
in treating chronic inflammatory airway diseases, and/or as prokinetic agents, for example, for 
20 use in treating gastrointestinal motility disorders such as gastroesophageal reflux disease, 
gastroparesis (diabetic and post sxargical), irritable bowel syndrome, and constipation. 

1. Definitions 

For the pxirpose of the present invention, the following definitions have been used 
throughout. 

25 The carbon content of various hydrocarbon containing moieties is indicated by a prefix 

designating the minimxmi and maximxnn nxnnber of carbon atoms in the moiety, i.e., the prefix 
Ci-j defines the nxxmber of carbon atoms present from the integer "i" to the integer "j", inclusive. 
Thus, Ci.4 alkyl refers to alkyl of 1-4 carbon atoms, inclusive, or methyl, ethyl, propyl, and butyl, 
and isomeric forms thereof. 
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The tenns "C1-2 alkyl", "C1.3 alkyl", "Ci^ alkyl", "C1.5 alkyl", "C1.6 alkyl", "d-g alkyl", 
"Ci»io alkyl", and "C1-16 alkyl" refer to an alkyl group having one to two, one to three, one to 
four, one to five, one to six, one to eight, one to ten, or one to sixteen carbon atoms, respectively 
such as, for example, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, 
5 uiidecyl, dodecyl, tridecyl, tetradecyl and their isomeric forms thereof. 

The terms "C2-5 alkenyl", "C2-6 alkenyl", "C2-8 alkenyl", and "C2-16 alkenyl" refer to at 
least one double bond alkenyl group having two to five, two to six, two to eight, or two to 
sixteen carbon atoms, respectively such as, for example, ethenyl, propenyl, butenyl, pentenyl, 
pentdienyl, hexenyl, hexadienyl, heptenyl, heptdienyl, octenyl, octdienyl, octatrienyl, nonenyl, 
10 nonedienyl, nonatrienyl, undecenyl, undecdienyl, dodecenyl, tridecenyl, tetradecenyl and their 
isomeric forms thereof. 

The terms "C2.5 alkynyl", "C2-6 alkynyl", and "C2-8 alkynyl" refer to at least one triple 
bond alkynyl group having two to five, two to six, or two to eight carbon atoms, respectively 
such as, for example, ethynyl, propynyl, butynyl, pentynyl, pentdiynyl, hexynyl, hexdiynyl, 
15 heptynyl, heptdiynyl, octynyl, octdiynyl, octatriynyl, and their isomeric forms thereof. 

The terms "Ca^ cycloalkyl", "C3.6 cycloalkyl", "C5.6 cycloalkyl", "C3.7 cycloalkyl", and 
"C3.8 cycloalkyl" refer to a cycloalkyl group having tliree to four, three to six, five to six, three to 
seven, or three to eight carbon atoms, respectively such as, for example, cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and their isomeric forms thereof. 

20 The terms "Ci^ alkoxy", "C1.5 alkoxy", "C1.6 alkoxy", and "Ci-s alkoxy", refer to an alkyl 

group having one to four, one to five, one to six, or one to eight carbon atoms, respectively 
attached to an oxygen atom such as, for example, methoxy, ethoxy, propyloxy, butyloxy, 
pentyloxy, hexyloxy, heptyloxy, or octyloxy and their isomeric forms thereof. 

The term "Ci-6 hydroxy" refers to an alkyl group having one to six carbon atoms, and 
25 isomeric forms thereof, attached to a hydroxy group. 

The terms "C1.3 acyl", "C1-4 acyl", "C1-5 acyl", "C1.6 acyl", and "d-s acyl" refer to a 
carbonyl group having an alkyl group of one to three, one to four, one to five, one to six, or one 
to eight carbon atoms, respectively. 

The terms "C1-4 aUcoxycarbonyl", and "Ci-e alkoxycarbonyl" refer to an ester group 
30 having an alkyl group of one to four, or one to six carbon atoms, respectively. 
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The terms "Ci-6 alkylthio" and "Ci-g alkylthio" refer to an alkyl group having one to six or 
one to eight carbon atoms respectively and isomeric forms thereof attached to a sulfur atom. 



The term "C1-3 alkylamino" refers to alkyl groups having jfrom one to three carbon atoms 
attached to an amino moiety such as, for example, dimelhylamino, methylethylamino, 
5 diethylamino, dipropylamino, methylpropylaiiiino, or ethylpropylamino and their isomeric forms 
thereof. 

The term "Het" refers to 5 to 10 membered saturated, unsaturated or aromatic 
heterocyclic rings containing one or more oxygen, nitrogen, and sulfur forming such groups as, 
for example, pyridine, fhiophene, fiiran, pyrazoline, pyrimidine, 2-pyridyl, 3-pyridyl, 4-pyridyl, 

10 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 3-pyridazinyl, 4-pyridazinyl, 3-pyrazinyl, 2- 

quinolyl, 3-quinolyl, 1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyl, 2-quinazolinyl, 4-quinazolinyl, 
2-quinoxalinyl5 1 -phthalazinyl, 4-oxo-2-imidazolyl, 2-imidazolyl, 4-imidazolyl, 3-isoxazolyl, 4- 
isoxazolyl, 5-isoxazolyl, S-pyrazolyl, 4-pyrazolyl, 5-pyrazolyl, 2-oxazolyl, 4-oxazolyl, 4-oxo-2- 
oxazolyl, 5-oxazolyl, 4,5,-dihydrooxazole5 152,3-oxathiole, 1,2,3-oxadiazole, 1,2,4-oxadiazole, 

15 1,2,5-oxadiazole, 1,3,4-oxadiazole, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 3-isothiazole, 4- 

isothiazole, 5-isothiazoIe, 2-indolyl, 3-indolyl, 3-indazolyl, 2-benzoxazolyl, 2-benzothiazolyl, 2- 
benzimidazolyl, 2-benzofuranyl, 3-benzofuranyl, benzoisothiazole, benzisoxazole, 2-furanyl, 3- 
fiiranyl, 2-fhienyl, 3-thienyl, 2-pyrrolyl, 3-pyrrolyl, 3-isopyrrolyl, 4-isopyrrolyl, 5-isopyrrolyl, 
1, 2,3 ,-oxafhiazole-l -oxide, l,2,4-oxadiazol-3-yl, l,2,4-oxadiazol-5-yl, 5-oxo-l,2,4-oxadiazol-3- 

20 yl, l,2,4-thiadiazol-3-yl, l,2,4-fhiadiazol-5-yl, 3-oxo-l,2,4-thiadiazol-5-yl, l,3,4-thiadiazol-5-.yl, 
2-oxo-l,3,4-thiadiazol-5-yl, l,2,4-triazol-3-yl, l,2,4-triazol-5-yl, l,2,3,4-tetrazol-5-yl, 5- 
oxazolyl, 1-pyrrolyl, 1-pyrazolyl, 1,2,3-triazol-l-yl, 1,2,4-triazol-l-yl, 1-tetrazolyl, 1-indolyl, 1- 
indazolyl, 2-isoindolyl, 7-oxo-2-isoindolyl,l-purinyl, 3-isofhiazolyl, 4-isothiazolyl and 5- 
isothiazolyl, 1,3,4,-oxadiazole, 4-oxo-2-thiazolinyl, or 5-methyH,3,4-thiadiazol-2-yl, 

25 thiazoledione, 1,2,3,4-thiatriazole, 1,2,4-dithiazoIone. Each of these moieties may be substituted 
as appropriate. 

The terms "halo" or "halogen" refers to a fluorine atom, a chlorine atom, a bromine atom, 
and/or an iodine atom. 

The term "hydroxy protecting group" refers to an easily removable group which is known 
30 in the art to protect a hydroxyl group against undesirable reaction during synthetic procedures 
and to be selectively removable. The use of hydroxy-protecting groups is well known in the art 
for protecting groups against xmdesirable reactions during a synthetic procedure and many such 
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protecting groups are known (see, for example, T.H. Greene and P.G.M. Wuts (1999) 
Protective Groups Dst Organic Synthesis, 3rd edition, John Wiley & Sons, New York). 
Examples of hydroxy protecting groups include, but are not limited to, acetate, methoxymethyl 
ether, methylthiomethyl, ferf-butyldimethylsilyl, fer^-butyldiphenylsilyl, acyl substituted with an 
5 aromatic group and the like. 

The term "aryl" refers to a mono- or bicyclic carbocyclic ring system having one or two 
aromatic rings including, but not limited to, phenyl, naphthyl, tetrahydronaphthyl, indanyl, 
idenyl and the like. 

The term "substituted aryl" refers to an aryl group, as defined herein, substituted by 

10 independent replacement of one, two, three, four, or five of the hydrogen atoms thereon with 
substituents independentiy selected firom alkyl, substituted alkyl, haloalkyl, alkoxy, thioalkoxy, 
amino, alkylammo, dialkylamino, acylamino, cyano, hydroxy, halo, mercapto, nitro, 
carboxaldehyde, carboxy, alkoxycarbonyl and carboxamide. More specifically, the substituents 
may be F, CI, Br, I, OH, NO2, CN, C(0)-Ci.6 alkyl, C(0)-aryl, C(0)-heteroaryl, C02-alkyl, 

15 C02-aryl, C02-heteroaryl, CONH2, CONH-Ci-6 alkyl, CONH-aryl, CONH-heteroaryl, 0C(0)- 
C1.6 alkyl, OC(0)-aryl, OC(0)-heteroaryl, 0C02-alkyl, 0C02-aryl, OC02-heteroaryl, 
OCONH2, OCONH-C1.6 alkyl, OCONH-aryl, OCONH-heteroaryl, NHC(0)-Ci-6 alkyl, 
NHC(0)-aryl, NHC(0)-heteroaryl, NHC02-alkyl„NHC02-aryl, NHC02-heteroaryl, 
NHCONH2, NHCONH-C1.6 alkyl, NHCONH-aryl, NHCONH-heteroaryl, SO2-C1.6 alkyl, SO2- 

20 aryl, S02-heteroaryl, SO2NH2, SO2NH-C1-6 alkyl, S02NH-aryl, S02NH-heteroaryl, Ci_6 alkyl, 
C3-6 cycloaUcyl, CF3, CH2CF3, CHCI2, CH2OH, CH2CH2OH, CH2NH2, CH2SO2CH3, aryl, 
heteroaryl, benzyl, benzyloxy, aryloxy, heteroaryloxy, Ci-e alkoxy, methoxymethoxy, 
methoxyethoxy, amino, benzylantiino, arylamino, heteroarylamino, C1-3 alkylamino, thio, aryl- 
thio, heteroarylthio, benzyl-thio, C1.6 alkyl-thio, or methylthiomethyl. In addition, substituted 

25 aryl groups mclude tetrafluorophenyl and pentafluorophenyL 

The term "arylalkyl group" refers to an aryl group attached to an alkyl group. An 
example of an arylalkyl group is a benzyl group. 

The term "substituted arylalkyl group" refers to an aryl group or substituted aryl group 
attached to an alkyl group or a substituted alkyl group, provided that one or both of the aryl and 
30 alkyl groups are substituted. 
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The term "heteroaryl" refers to a cyclic aromatic radical having from five to ten ring 
atoms of which one ring atom is selected from S, O and N; zero, one, two, or three ring atoms 
are additional heteroatoms independently selected from S, O and N; and Ihe remaining ring 
atoms are carbon, the radical being joined to the rest of the molecule via any of the ring atoms, 
5 such as, for example, pyridinyl, pyrazinyl, pyrimidinyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, 
tetrazolyl, thiazolyl, isothiazolyl, oxazolyl, isoxazolyl, thiadiazolyl, oxadiazolyl, thiophenyl, 
ftiranyl, quinolinyl, isoquinolinyl, and the like. 

The term "substituted heteroaryl" refers to a heteroaryl group as defined herein, 
substituted by independent replacement of one, two, three, fonr^or five of the hydrogen atoms 

10 thereon with F, CI, Br, I, OH, NO2, CN, C(0)-Ci-6 alkyl, C(0)-aiyl, C(0)-heteroaiyl, C02-alkyl, 
C02-aryl, C02-heteroaryl, CONH2, CONH-Ci-6 alkyl, CONH-aryl, CONH-heteroaryl, 0C(0)- 
C1.6 alkyl, OC(0)-aryl, OC(0)-heteroaryl, 0C02-alkyl, 0C02-aryl, OC02-heteroaryl, 
OCONH2, OCONH-Ci-6 alkyl, OCONH-aryl, OCONH-heteroaryl, NHC(0)-Ci.6 alkyl, 
NHC(0)-aryl, NHC(0)-heteroaryl, NHC02-alkyl, NHC02-aryl, NHC02-heteroaryl, 

15 NHCONH2, NHCONH-C1.6 alkyl, NHCONH-aryl, NHCONH-heteroaryl, SO2-C1.6 alkyl, SO2- 
aryl, S02-heteroaryl, SO2NH2, SO2NH-C1.6 alkyl, S02NH-aryl, S02NH~heteroaryl, Cue alkyl, 
C3-6 cycloallcyl, CF3, CH2CF3, CHCI2, CH2OH, CH2CH2OH, CH2NH2, CH2SO2CH3, aryl, 
heteroaryl, benzyl, benzyloxy, aryloxy, heteroaryloxy, Ci-6 alkoxy, methoxymethoxy, 
methoxyethoxy, amino, benzylamino, arylamino, heteroarylamino, C1-3 alkylamino, thio, aryl- 

20 thio, heteroarylthio, benzyl-thio, C1.6 alkyl-thio, or methylthiomethyl. 

The term "heterocyclic" refers to heterocycloalkyl acid heteroaryl. The term "substituted 
heterocyclic," as used herein, refers to substituted heterocycloalkyl and substituted heteroaryl. 

The term "macrolide" refers to any compound possessing a 14- or 15- macrocyclic ring, 
and derivatives thereof (such as keto, oxime, cyclic carbonate derivatives). These include, for 
25 example, compounds that are (or are synthetically derived from) known antibacterial agents 
including, but not limited to, erythromycin, clarithromycin, azithromycin, telithromycin, 
roxithromycin, pikromycin, flxirithromycin, and dirifhromycin. 

In the formulas herein, a broken or dashed circle within a ring indicates that the ring is 
either aromatic or non-aromatic. A bond extending from a chemical moiety that is depicted as 
30 crossing a bond in a ring, but is not attached directly to a ring atom, indicates that the chemical 
moiety may be bonded to any atom of the ring. As to any of the above chemical moieties that 
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contain one ore more substituents, it is understood that such moieties do not contain any 
substitution or substitution pattems that are sterically unpractical and/or synthetically unfeasible. 
In addition, the compounds of this invention include all stereochemical isomers arising jfrom the 
substitution of these moieties. 

5 The term "pharmaceutically acceptable salt" refers to those salts which are, within the 

scope of soiind medical judgment, suitable for use in contact with the tissues of hxamans and 
lower animals without undue toxicity, irritation, allergic response and the like, and are 
commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts are well 
known in the art. For example, S. M. Berge, et al describe pharmaceutically acceptable salts in 

10 detail in J. PHARM SCIENCES 66: 1-19 (1977). The salts can be prepared in situ during the 
final isolation and purification of the compounds of the invention, or separately by reacting the 
free base function with a suitable organic acid. Examples of pharmaceutically acceptable, 
nontoxic acid addition salts are salts of an amino group formed with inorganic acids (such as 
hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid and perchloric acid), or with 

15 organic acids (such as acetic acid, oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid 
or malonic acid), or by using other methods used in the art (such as ion exchange). Other 
pharmaceutically acceptable salts include adipate, alginate, ascorbate, aspartate, 
benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate, 
cyclopentanepropionate, digluconate, dodecylsulfate, efhanesulfonate, formate, fumarate, 

20 glucoheptonate, glycerophosphate, gluconate, hemisulfate, heptanoate, hexanoate, hydroiodide, 
2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, 
malonate, methanesulfonate, 2-naphtlialenesulfonate, nicotinate, nitrate, oleate, oxalate, 
palmitate, pamoate, pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, 
propionate, stearate, succinate, sulfate, tartrate, thiocyanate, p-toluenesulfonate, undecanoate, 

25 valerate salts, and the like. Representative alkali or alkaline earth metal salts include sodium, 

lithivim, potassium, calcium, magnesium, and the like. Further pharmaceutically acceptable salts 
include, when appropriate, nontoxic ammonium, quaternary ammonium, and amine cations 
formed using covinterions such as halide, hydroxide, carboxylate, sulfate, phosphate, nitrate, 
loweraLkyl sulfonate and aryl sulfonate. 

30 The term "pharmaceutically acceptable ester" refers to esters that hydrolyze in vivo and 

include those that break down readily in the human body to leave the parent compound or a salt 
thereof. Smtable ester groups include, for example, those derived from pharmaceutically 
acceptable aliphatic carboxylic acids, particularly alkanoic, alkenoic, cycloalkanoic and 
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alkanedioic acids, in which each alkyl or alkenyl moiety advantageously has not more than 6 
carbon atoms. Other suitable ester groups include, for example, those derived from 
pharmaceutically acceptable alcohols, such as stright-chain or branched aliphatic alcohols, 
benzylic alcohols, and amino-alcohols. Examples of particular esters include formates, acetates, 

5 propionates, butyrates, acrylates, ethylsuccinates, and methyl, ethyl, propyl, benzyl, and 2- 
aminoethyl alcohol esters. 

The term "pharmaceutically acceptable prodrugs" refers to those prodrugs of the 
compounds of the present invention which are, within the scope of sound medical judgment, 
suitable for use in contact with the tissues of humans and lower animals with undue toxicity, 

10 irritation, allergic response, and the like, commensurate with a reasonable benefit/risk ratio, and 
effective for their intended use, as well as the zwitterionic forms, where possible, of the 
compounds of the invention. The term "prodrug" refers to compoxmds that are rapidly 
transformed in vivo to yield the parent compound of the previously formula, for example by 
hydrolysis in blood. A thorough discussion is provided in T. Higuchi and V. Stella, Pro-drugs as 

15 Novel Delivery Systems, Vol. 14 of tihie A. C. S. Symposium Series, and in Edward B. Roche, 

ed., Bioreversible Carriers in Dmg Design, American Pharmaceutical Association and Pergamon 
Press, 1987. 

The term "physiologically acceptable cation" refers to common, positively charged 
species such as (but not limited to) metals such as sodium, potassium, calcium, magnesium, zinc 
20 and the like. The cation can also be an organic species such as an amine salt Non-limiting 
examples of such amine salts can be the protonated form of methylamine, ethylamine, 
cyclohexylamine, lysine, N-methylglucamine, diethanolamine, triethanolamine, tris- 
(hydroxymethyl)anadnomethane, piperidine, morpholine, and the like. 

The term "electron-withdrawing group" refers to groups well known to those in the art 
25 capable of pulling electron density towards the group and away from a source (such as an 

aromatic ring, an olefin, a carbonyl-like group or a sigma bond between two designated atoms). 
Examples of such electron- withdrawing groups are, for example, nitro, keto, formyl, acyl, 
halogens, carboxy, trihaloalkyl, sulfonyl and tlie like. 

Throughout the description, where compositions are described as having, including, or 
30 comprising specific components, or where processes are described as having, including, or 

comprising specific process steps, it is contemplated that compositions of the present invention 
also consist essentially of, or consist of, the recited components, and that the processes of the 
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present invention also consist essentially of, or consist of, the recited processing steps. Further, 
it should be understood that the order of steps or order for performing certain actions are 
immaterial so long as the invention remains operable. Moreover, two or more steps or actions 
may be conducted simultaneously. 



or apharmaceutically acceptable salt, ester, or prodrug thereof, 
wherein 

A, at each occurrence, independently is carbon, carbonyl, or nitrogen, provided at least 
one A is carbon; 

Z is carbon, nitrogen, oxygen, or sulfur; 

B is selected from the group consisting of O, NR^, S(0)r, C=0, C=S, and C=NOR^, 
p is 0 or 1 ; 

q, at each occurrence, independently is 0 or 1; 
r is 0, 1, or 2; 

R^, at each occurrence, independently is selected from the group consisting of: 

a) hydrogen, b) SCO^R"^, c) formyl, d) Ci-g alkyl, e) C2-8 alkenyl, f) C2.8 alkynyl, 
g) Ci-8 alkoxy, h) Ci-g alkylthio, i) C1.8 acyl, j) saturated, unsaturated, or aromatic 
C3.8 carbocycle, and k) saturated, imsaturated, or aromatic 5-10 membered 
heterocycle containing one or more heteroatoms selected from the group 
consisting of nitrogen, oxygen, and sulfur. 



alternatively, two R^ groups, taken together with the atom to which they are bonded, form 
i) 5-8 membered saturated or imsaturated carbocycle, or ii) 5-8 membered saturated or 



2. 



Compounds of the Invention 



In one aspect, the invention provides compounds having the formula: 




wherein any of d) - k) optionally is substituted with one or more moieties 
selected from the group consisting of carbonyl, aryl, substituted aryl, 

heteroaryl, substituted heteroaryl, F, CI, Br, I, CN, NO2, -NR^R^ -OR^ 
-S(0)rR^ -S(0)rNR^R^-C(0)R^ -C(0)OR^ -OC(0)R^ -C(0)NR^R^ and 
-OC(0)NR^R^; 
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unsaturated heterocycle containing one or more atoms selected from the group consisting of 

nitrogen, oxygen, and sulfur, 

wherein i) - ii) optionally is substituted with one or more moieties selected from 
the group consisting of carbonyl, F, CI, Br, I, CN, NO2, -NR^R^ -OR^ -S(0)rR'^, 
5 -S(0)rNR^R^ -C(0)R^ -C(0)OR^ -OC(0)R^ -C(0)NR^R^ -OC(0)NR^R^ 

C1.6 acyl, aryl, substituted aryl, heteroaryl, and substituted heteroaryl; 

R^, at each occurrence, independently is selected from the group consisting of: 
a) hydrogen, b) Ci-g alkyl, c) C2.8 alkenyl, d) C2-8 alkynyl, e) Ci.g acyl, 
f) saturated, imsaturated, or aromatic C3-8 carbocycle, and g) saturated, 
10 unsaturated, or aromatic 5-10 membered heterocycle containing one or more 

heteroatoms selected from the group consisting of nitrogen, oxygen, and sulftir, 
wherein any of b) - h) optionally is substituted with one or more moieties 
selected from the group consisting of carbonyl, F, CI, Br, I, CN, NO2, 
-NR^R^ -OR^ -S(0)rR^ -S(0)rNR^R^ -C(0)R^ -C(0)OR^ -OC(0)R^ 
15 ~C(0)NR^R^ -OC(0)NR^R^ Cue acyl, aryl, substituted aryl, heteroaryl, 

and substituted heteroaryl; 
altematively, two R^ groups, taken together with the atom to which they are bonded, form 
i) a 5-7 membered saturated or unsaturated carbocycle, or ii) a 5-7 membered saturated or 
unsaturated heterocyocle containing one or more atoms selected from the group consisting of 
20 nitrogen, oxygen, and sulfiur, 

wherein i) - ii) optionally is substituted witii one or more moieties selected from 
the group consisting of carbonyl, F, CI, Br, I, CN, NO2, -NR^R^ -OR^, -S(0)rR^ 
-S(0)rNR^R^ -C(0)R^ -C(0)OR^ -OC(0)R^ -C(0)NR^R^ -OC(0)NR^R^ 
Cue acyl, aryl, substituted aryl, heteroaryl, and substituted heteroaryl; 

25 R"^ is selected from the group consisting of: 

a) hydrogen, b) -NR^R^ c) -"NR^OR^ d) ^NR^NR^R^ e) -NHC(0)R^ 
f) -C(0)NR^R^ g) -N3, h) C1.8 alkyl, i) C2.8 alkenyl, j) C2.8 alkynyl, k) saturated, 
xmsaturated, or aromatic C3.8 carbocycle, and 1) saturated, unsaturated, or aromatic 
5-10 membered heterocycle containing one or more heteroatoms selected from 
30 the group consisting of nitrogen, oxygen, and sulftir, 

wherein any of h) - 1) optionally is substituted with one or more moieties 
selected from the group consisting of carbonyl, F, CI, Br, I, CN, NO2, 
-NR^R^ -OR^ -SR^ -S(0)rR^ -S(0)rNR^R^ -C(0)R^ -C(0)OR^ 
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-OC(0)R^ -C(0)NR^R^ -OC(0)NR^R^ Cue alkyl. Cue alkenyl, 

Ci.6 alkynyl, Ci.6 acyl, aryl, substituted aryl, heteroaryl, and substituted 

heteroaryl; 

is selected from the group consisting of: 

a) hydrogen, b) -NR^R^ c) -NR^OR^ d) -NR^NR^R^ e) -NHC(0)R^ 
f) -C(0)NR^R^ g) -N3, h) C1.8 aUcyl, i) C2-8 alkenyl, j) C2.8 alkynyl, k) saturated, 
unsaturated, or aromatic C3-8 carbocycle, and 1) saturated, unsaturated, or aromatic 
5-10 membered heterocycle containing one or more heteroatoms selected from 
the group consisting of nitrogen, oxygen, and sulfur, 

wherein any of h) - 1) optionally is substituted witii one or more moieties 
selected from the group consisting of F, CI, Br, I, CN, NO2, -NR^R^ -OR^, 
-SR^-C(0)R^ -C(0)OR^ -OC(0)R^ -C(0)NR^R^ -OC(0)NR^R^ 
Ci-6 alkyl, C1.6 alkenyl, Ci-e alkynyl, Ci-6 acyl, aryl, substituted aryl, 
heteroaryl, and substituted heteroaryl; and 

R^, at each occurrence, independently is selected from the group consisting of: 

hydrogen, Ci»6 alkyl, Ci-a alkenyl. Cue alkynyl, Ci-e acyl, aryl, substituted aryl, 
hetreroaryl, substituted heteroaryl; 

altematively, two R^ groups taken together are -(CH2)s-, 
wherein s is 1, 2, 3, 4, or 5; 

D-E is selected from the group consisting of: 

o o 




E is selected from the group consisting of: 
a) 



b) 



16 



wo 2004/029066 



PCT/US2003/030478 




C) 



Rl1 r8 



R8 



d) 5-10 membered saturated, unsaturated, or aromatic heterocycle containing one or 
more heteroatoms selected from the group consisting of nitrogen, oxygen, and sulfur, and 
optionally substituted with one or more R^^ groups; 

e) C5.10 saturated, unsaturated, or aromatic carbocycle, optionally substituted with 
one or more R^^ groups; 

f) Ci-8 alkyl, 

g) C2-8 alkenyl, 

h) C3.8 alkynyl, 

i) Ci-g alkoxy, 
j) Ci-8 aklylthio, 
k) Ci-8 acyl, 

1) S(0)rR^ and 
m) hydrogen, 

n) a p-carbolin-3-yl, or indolizinyl bonded via the 6-membered ring, wherein the 
P-carbolin-3-yl, or indolizinyl optionally is substituted with one to three R^^ groups; 
o) 




and 



P) 
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wherein any of f) - k) optionally is substituted with 

i) one or more R^^ groups; 

ii) 5-6 membered saturated, unsaturated, or aromatic heterocycle 

5 containing one or more heteroatoms selected from the group consisting of 

nitrogen, oxygen, and sulfur, and optionally substituted with one or more 
R^^ groups; or 

iii) C5-10 saturated, unsaturated, or aromatic carbocycle, optionally 
substituted with one or more R^^ groups; 

10 R^ is selected from the group consisting of: 

a) hydrogen, b) carbonyl, c) formyl, d) F, e) CI, f) Br, g) I, h) CN, i) NO2, j) OR^ 
k) -S(0)rR^ 1) -S(0)iN-R^, m) -C(0)R^ n) -C(0)OR^ o) -OC(0)R^ 
p) -C(0)NR^R^, q) -OC(0)NR^R^ r) -C(=NR^^)R^ s) -C(R^)(R^)OR^ 
t) -C(R^)(R^)OC(0)R^, u) -C(R^)(OR^)(CH2)rNR^R^ v) -NR^R^ w) -NR^OR^ 
15 x) -N(R^)C(0)R^ y) -N(R^)C(0)OR^ z) -N(R^)C(0)NR^R^ aa) -N(R^)S(0)rR^ 

bb) -C(OR^)(OR^)R% cc) -C(R^)(R^)NR^R^ dd) -C(R^)(R^)NR^R^^ ee) =NR^^ 
ff) -C(S)NR^R^ gg) -N(R^)C(S)R^ hh) -OC(S)NR^R^ ii) -N(R^)C(S)OR^ 
jj) -N(R^)C(S)NR^R^, klc) -SC(0)R^ 11) Ci^s alkyl, mm) C2-8 alkenyl, 
nn) C2.8 alkynyl, 00) Ci.s alkoxy, pp) Ci-s alkylthio, qq) Ci.g acyl, rr) saturated, 
20 imsaturated, or aromatic C5-10 carbocycle, and ss) saturated, unsaturated, or 

aromatic 5-10 membered heterocycle containing one or more heteroatoms 
selected from the group consisting of nitrogen, oxygen, and sulfur, 

wherein any of 11) — ss) optionally is substituted with one or more moieties 
selected from the group consisting of: 
25 carbonyl; formyl; F; CI; Br; I; CN; NO2; OR^; -S(0)rR^; -S(0)rN=R^, 

-C(0)R^; -C(0)OR^ -OC(0)R^; -C(0)NR^R^; -OC(0)NR^R^; 
-C(=NR^°)R^; -C(R^)(R^)OR^; -C(R^)(R^)OC(0)R^; 
-C(R^)(OR^)(CH2)rNR^R^; -NR^R^; -NR^OR^; -NR^C(0)R^; 
-NR^C(0)OR^; -NR^C(0)NR^R^; -NR^S(0)rR^; -C(OR^)(OR^)R^ 
30 -C(R^)(R^)NR^R^; -C(R^)(R^)NR^R^^; =NR^^; -C(S)NR^R^; -NR^C(S)R^; 
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-0C(S)NRV; -NR^C(S)0R^; -NR^C(S)NR^R^; -SC(0)R^; C2.5 alkenyl; 
C2-5 alkynyl; Ci-g alkoxy; Ci-g alkylthio; Ci-8 acyl; saturated, xmsaturated, 
or aromatic C5-10 carbocycle, optionally substituted with one or more 
groups; and saturated, unsaturated, or aromatic 5-10 membered 
5 heterocycle containing one or more heteroatoms selected from the group 

consisting of nitrogen, oxygen, and sulfur, and optionally substituted with 
one or more groups; 

R^ is selected from the group consisting of: 

hydrogen; F; CI; Br; I; CN; NO2; OR^; aryl; substituted aryl; heteroaryl; 
10 substituted heteroaryl; and Ci-e alkyl, optionally substituted with one or more 

moieties selected from the group consisting of aryl, substituted aryl, heteroaryl, 

substituted heteroaryl, F, CI, Br, I, CN, NO2, and OR^; 
alternatively, R^ and R^ taken together are -0(CH2)rO-; 

R^, at each occurrence, independently is selected from the group consisting of: 
15 hydrogen, F, CI, Br, I, CN, OR^ NO2, -NR^R^ C1.6 alkyl, C1.6 acyl, and 

Ci.6 alkoxy; 

R^^ is selected from the group consisting of: 

a) saturated, unsaturated, or aromatic C5-10 carbocycle, 

b) saturated, imsaturated, or aromatic 5-10 membered heterocycle containing one 
20 or more heteroatoms selected from the group consisting of nitrogen, oxygen, and sulfur, 

c) -X-C1.6 alkyl-saturated, unsaturated, or aromatic 5-10 membered heterocycle 
containing one or more heteroatoms selected from the group consisting of nitrogen, 
oxygen, and sulfur, 

wherein X is O or NR"^, 

25 d) saturated, unsaturated, or aromatic 10-membered bicyclic ring system 

optionally containing one or more heteroatoms selected from the group consisting of 
nitrogen, oxygen, and sulftir, 

e) saturated, unsaturated, or aromatic 13-membered tricyclic ring system 
optionally containing one or more heteroatoms selected from the group consisting of 
30 nitrogen, oxygen, and sulfur, 

f) 
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t) 



U) 




V) 



w) a diazinyl group, 

x) a triazinyl group, 

y) a quinolinyl group, 

z) a quinoxalinyl group, 

aa) a naphthyridinyl group, 

bb) 




cc) 
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R2 




kk) 




11) -C(0)CH3, and 
nmi)R^ 



wherein any of a) — kk) optionally is substituted with one or more R^^ groups; 
alternatively, and one R' group taken together is 




,or 



1 0 alternatively, R^^ and one group, taken together with the atoms to which they are 

bonded, form a 5-7 membered saturated or vinsaturated caxbocycle, optionally substituted with 
one or more R^^ groups; or a 5-7 membered saturated or unsaturated heterocyocle containing one 

or more atoms selected from the group consisting of nitrogen, oxygen, and sulfur, and optionally 
substituted with one or more R^"^ groups; 

15 R^^ at each occurrence, independently is selected from the group consisting of: 

hydrogen; an electron-withdrawing group; aryl; substituted aryl; heteroaryl; 
substituted heteroaryl; and Ci.6 alkyl, optionally substituted with F, CI, or Br; 
alternatively, any R^^ and R^, taken together with the atoms to wliich they are bonded, 
form a 5-7 membered saturated or imsaturated carbocycle, optionally substituted with one or 
20 more R^^ groups; or a 5-7 membered saturated or unsaturated heterocycle containing one or more 
atoms selected from the group consisting of nitrogen, oxygen, and sulfur, and optionally 
substituted with one or more R^^ groups; 
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alternatively, any R^^ and R^, taken togellier with the atoms to which they are bonded, 
form -(CH2)k- or a 5-, 6-, or 7-membered ring having the formula: 



wherein 

uis 2, 3, 4, or 5; 

R^^ is selected firom the group consisting of: 

-NR^R^ -OR^ -OC(0)R^ -OC(0)OR^ -NR^C(0)R^ -NR^C(0)NR^R^ 
-NR^C(S)NRV, and .NR^C(=NR^)NRV; 

R^"^, at each occurrence, independently is selected firom the group consisting of: 

a) hydrogen, b) carbonyl, c) formyl d) F, e) CI, f) Br, g) I, h) CN, i) NO2, j) OR^ 
k) -S(0)rR^ 1) -S(0)rN=R^ m) -C(0)R^ n) -C(0)OR^ o) -OC(0)R^ 
p) -C(0)NR^R^ q) -OC(0)NR^R^ r) -CeNR^ V. s) -C(R^)(R^)OR^ 
t) -C(R^)(R^)OC(0)R^ u) -C(R^)(OR^)(CH2)rNR^R^ v) -NR^R^ w) -NR^OR^ 
x) -N(R^)C(0)R^ y) -N(R^)C(0)OR^ z) -N(R^)C(0)NR^R^ aa) -N(R^)S(0)rR^ 
bb) -C(OR^)(OR^)R^ cc) -C(R^)(R^)NR^R^, dd) -C(R^)(R^)NR^R'^ ee) =NR'^ 
ff) -C(S)NR^R^ gg) -N(R^)C(S)R^ lih) -OC(S)NR^R^ ii) -N(R^)C(S)OR^ 
jj) -N(R^)C(S)NR^R^ Idc) -SC(0)R^ 11) Ci.g alkyl, mm) C2-8 alkenyl, 
nn) C2-8 alkynyl, 00) Ci-g alkoxy, pp) Ci-g alkylthio, qq) Ci.g acyl, rr) saturated, 
unsaturated, or aromatic C5-10 carbocycle, ss) saturated, unsaturated, or aromatic 
5-10 membered heterocycle containing one or more heteroatoms selected from 
the group consisting of nitrogen, oxygen, and sulfur, tt) saturated, unsaturated, or 
aromatic 10-membered bicyclic ring system optionally containing one or more 
heteroatoms selected from the group consisting of nitrogen, oxygen, and sulfur, 
and uu) saturated, unsaturated, or aromatic 13-membered tricyclic ring system 
optionally containing one or more heteroatoms selected from the group consisting 
of nitrogen, oxygen, and sulfur, 

wherein any of 11) - uu) optionally is substituted with one or more 
moieties selected from the group consisting of: 



o 
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carbonyl; fonnyl; F; CI; Br; I; CN; NO2; OR^ -S(0)rR'; -S(0)rN=R^ 
-C(0)R^; -C(0)OR^ -0C(0)r2; -C(0)NR^R^; -0C(0)NR^R^; 
-C(=NR^^)R^; -C(R^)(R^)0R^ -C(R^)(R^)0C(0)r2; 
-C(R^)(OR^)(CH2)rNR^R^; -NR^R^; -NR^OR^ -NR^C(0)R^; 
-NR^C(0)0R^ -NR^C(0)NRV; -NR^S(0)rR^; -C(OR^)(OR^)R^; 
-C(R2)(r3)NR2r^; -C(R^)(R^)NR^R^^; =NR'^; -C(S)NR^R^; -NR^C(S)R^; 
-OC(S)NR2r^; -NR^C(S)0R^ -NR^C(S)NR^R^ -SC(0)R^; Ci-g aUcyl, 
C2-8 alkenyl; C2-8 alkynyl; C1.8 alkoxy; C1.8 alkylthio; Ci-g acyl; saturated, 
unsaturated, or aromatic C3.10 carbocycle optionally substituted with one 
or more R^ groups; and saturated, unsaturated, or aromatic 3-10 membered 
heterocycle containing one or more heteroatoms selected from the group 
consisting of nitrogen, oxygen, and sulftir, and substituted with one or 
more R^ groups; 



A' isCH,N, S,orO; 
B' is O, S,orNR^; 

D' is an unsaturated 4-atom linker containing one nitrogen atom and three carbon atoms, 
which forms a pyridyl ring fused with the heteroaryl moiety; 

E' is 0,NR^^orS(0)r; 

G' is-CH2-, -CH2CH2-, -CH2(OH)CH2-, -C(0)-, or -CH2CH2CH2-; 

J' is -S(0)r-, -0-, or -NR^^-; 

K'isCH2, O, S,orNR^; 

R^° is selected from the group consisting of: 



a) carbonyl, b) formyl, c) F, d) CI, e) Br, f) CN, g) -OR^ h) -SR\ i) -CF3, 
j) -NO2, k) -NR^R^ 1) -NR^^R^^ m) 



n) Ci-e alkyl, o) C2-6 alkenyl, p) C2.6 allsynyl, q) Ci-e alkoxy, r) -C(0)-Ci.6 alkyl, 
s) Ci-e alkylthio, t) Ci^ acyl, u) C2.8 alkenylphenyl, v) aryl, and w) heteroaryl. 
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wherein any of n) - w) optionally is substituted with one or more R 
groups; 

R^^ at each occurrence, independently is selected from the group consisting of: 

a) hydrogen, b) carbonyl, c) F, d) CI, e) Br, f) -CN, g) formyl, h) -NO2, i) ~OR^ 
j) -NR^R^, k) aryl, 1) substituted aryl, m) heteroaryl, n) substituted aryl, 
o) C1.6 alkyl, p) C2.6 alkenyl, q) C2.6 alkynyl, r) C1.6 alkylthio, s) C1.6 acyl, 
t) alkoxy, and u) -C(0)Ci-6 alkoxy, 

wherein any of o) - u) optionally is substituted with one or more moieties from 
the group consisting of: 



R^^, at each occurrence, independently is selected from the group consisting of: 

a) hydrogen, b) carbonyl, c) formyl, d) -OR^^ e) -NR^^R^^ f) -S(0)rR^^ 
g) -S(0)rNR'*'^R'^, h) aryl, i) substituted aryl, j) heteroaryl, k) substituted 
heteroaryl, 1) C1.6 alkyl, m) C2-6 alkenyl, n) C2.6 alkynylo) C1.6 alkylthio, 
p) C1.6 acyl, q) C1.6 alkoxy, r) -C(0)-Ci.6 alkoxy, 

s) 



-N(phenyl)(CH2CH20H), -OCH(CH3)(OCH2CH3), 
-0-phenyl-[para-NHC(0)CH3], andR^^; 




t) 



HN 



/ 

J 

\ 





conr2r2 , and 
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wherein any of n) - w) optionally is substituted with one or more moieties from 
the group consisting of: 

-N(phenyl)(CH2CH20H),-OCH(CH3)(OCH2CH3), 
-0-phenyl-[para-NHC(0)CH3] andR^^ 

R^^ is hydrogen, F, CI, Br, Ci-6 alkyl, or Ci-e allcyl-aryl; 

R^^ is hydrogen or CH3; 

R^^ is selected from the group consisting of: 

hydrogen, -OH, -CH3, -OCH3, -NHC(0)0R\ -NHC(0)CH20R^ 
-C(0)0-Ci.6 alkyl, -CH2OH, -NHOCH3, -C(0)0-Ci.6 alkyl, -C(0)CH3, 
-CH2C(0)CH3, 




alternatively, R and R taken together are a carbonyl, =NR , or 




R is selected from the group consisting of: 

-C(0)OR^ -C(0)C(r5°)(R5°)(OR^), -C(0)R^ -S02R\ -C(0)(CH2)2C(0)CH3, 
-C(0)CH20H, -(CH2)2R^ -C(0)CH20C(0)Rl -CH2CN, -CH2CHF2, -S02NR2R^ 
-NHC(0)CH2N(CH3)2, 
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R^' is selected from the group consisting of: 

-C(0)CH3, -C(0)H, -C(0)CHCl2, -C(0)CH20H, -SO2CH3, 
-C(0)CH20C(0)CH3, -C(0)CHF2, -C(0)CH20C(0)H, -C(0)CH20CH2-C=CH, 
-C(0)CH20CH2C6H5, 




R^^, at each occurrence, independently is selected from the group consisting of: 

hydrogen, formyl. Cm alkyl. Cm acyl, aryl, C3.6 cycloalkyl, -P(0)(OR^)(OR^), 
and -SO2R'*; 

alternatively, two R^^ groups taken together with the atom to which they are bonded form 
a 5- or 6-membered saturated heterocyclic group containing one or more atoms selected from the 
group consisting of nitrogen, oxygen, and sulftir, and optionally substituted with phenyl, 
pyrimidyl, C1.3 alkyl, or C1.3 acyl; 

R^' is selected from the group consisting of: 

a) carbonyl, b) formyl, c) F, d) 01, e) Br, f) I, g) CN, h) -OR^ i) -SR\ j) -CF3, 
k) -NO2, 1) -NR^R^ m) -C(0)NR^R^ n) -NR^R^ o) -NR^CSOaR^), 
p) -SOaNR^R^, q) -S(0)rR^ r) -CH=N-R^", s) -CH(0H)-S03R'^^ t) Ci-6 alkyl, 
u) C2-6 alkenyl, v) C2-6 alkynyl, w) Ci^ alkoxy, x) -C(0)-Ci^ alkyl, 

1 

y) C1.6 alkylthio, z) Ci-e acyl, aa) C2.8 alkenylphenyl, bb) aryl, and cc) heteroaryl, 

wherein any of s) - bb) optionally is substituted with -OH, -N3, 
Ci-5 alkoxy, C1-5 acyl, -NR^R^ -SR^^ -OSOaR^ or 




R^° is -OH, -OCH2-aryl, -NHC(0)NH2, -NHC(S)NH2, or -NHC(=NH)NR^R^; 

R"^^ is hydrogen or a sodivim ion; 

R"^^ is selected from the group consisting of: 
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CH3 ^ and 



\ 



CH3 



R"^^ is selected from the group consisting of: 



a) Ci-8 alkyl, b) C3.6 cycloalkyl, c) aryl, d) heteroaryl, e) pyridyl, and f) 



N (CH2)s- 



wherein 



any of a) - f) optionally is substituted with one or more R^^ groups, and 

L' is 0,CH2, orNR^; 

R^5 kt each occurrence, independently is selected from the group consisting of: 

a) hydrogen, b) C3-6 cycloalkyl, c) C1.6 acyl, d) Ci-g alkyl, e) C1.6 alkoxy, 
f) heteroaryl, g) aryl, 

h) 



i) 



N (CH2), 



4 



wherein 



1 Q 

any of b) - g) optionally is substituted with one or more R groups, or 



and 




L' is 0,CH2, orNR^ 
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R"^^ is -OH, Ci^ alkoxy, or -NR^R^; 

R"^^ is hydrogen or a Ci-g alkyl group optionally substituted with one or moieties selected 
from the group consisting of indolyl, -OR^, -SR^, imidazolyl, Ci-s alkylthio, -NR^R^, and aryl, 

wherein the aryl group optionally is substituted with OH, -C(0)NH2, -CO2H, or 
5 -C(=NH)NH2; 

R"^^ is selected from the group consisting of: 

a) C1.16 alkyl, b) C2.16 alkenyl, c) aryl, and d) heteroaryl, 

wherein any of a) - d) optionally is substituted with one or more R^^ 

groups; 

10 R"^^ is selected from the group consisting of: 

-OH, -OCH3, -NH2, -0C(0)0CH3, -OC(0)CH20C(0)CH3, -0(CH2)20H, 
-OC(0)CH20CH2C6H5, -0(CH2)20CH20CH3, and -OCH2OCH3; 

R"*^^ is selected from the group consisting of: 

hydrogen, -CH2OH, and -CH2OCH2OCH3; 

1 5 R^^, at each occurrence, independently is hydrogen or CH3; 

alternatively, two R^° groups taken together with the carbon atom to which each is 
bonded are -CH2CH2-; 

R^^ is selected from the group consisting of: 

a) hydrogen, b) Ci-6 alkyl, optionally substituted with one or more hydroxyl 
20 groups, halogens, or -CN, c) -~-(CH2)s-aryl, d) -C02R^^ e) -COR^^ 

f) -C(0)(CH2)sC(0)R'^ g) -S(0)2-Ci.6 alkyl, h) -S(0)2(CH2)s-aryl, and 
i)-(C(0))s-Het; 

R^^ is selected from the group consisting of: 

a) hydrogen, b) Ci-6 alkyl, optionally substituted with one or more hydroxyl 
25 groups, halogens, or -CN, c) -(CH2)s-aryl, and d) -(CH2)s-OR^^; 

R^^ is selected from the group consisting of: 

a) C1.6 alkyl, optionally substituted with one or more hydroxyl groups, halogens, 
or -CN, b) -(CH2)s-aryl, and c) -(CH2)s-OR^^; 

R^"^ is selected from the group consisting of: 
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a) hydrogen, b) Ci.6 alkyl, c) -(CH2)s-aryU and d) -C(0)-Ci.6 alkyl, 

wherein the aryl group is selected from the group consisting of phenyl, 
pyridyl, and napthyl, 

wherein each of the phenyl, pyridyl, and napthyl optionally is 
substituted with one or more moeiteis from the group consisting of 
F, CI, Br, -CN, -OH, -SH, Ci.6 aUcyl, Ci.6 alkoxy, and 
Ci.6 alkylthio; and 

G is selected from the group consisting of 

a) Ci-4 alkyl, b) C5-8 alkyl, c) C2-8 alkenyl, d) C2-8 alkynyl, e) Ci-s alkoxy, 
f) Ci-g alkylthio, g) Ci-g acyl, h) saturated, unsaturated, or aromatic 
C5-10 carbocycle, i) saturated, imsaturated, or aromatic 5-10 membered 
heterocycle contaiiung one or more heteroatoms selected from the group 
consisting of nitrogen, oxygen, and sulftir. 



j) 





1) 




m) 




{cHz) — CH=CH- 



O 
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V) 



^ t 



r .OR3 




y) 




OH ,and 



z) 




a) is substituted with, and 

ii) any of b) - i) optionally is substituted with one or more moieties 
selected from the group consisting of: 

carbonyl; formyl; F; CI; Br; I; CN; NO2; OR^ -S(0)rR^; 

-S(0)rN=R^ -C(0)R^; -C(0)OR^ -OC(0)R^ -C(0)NR^R^ 

-OC(0)NR^R^; -C(=NR^^)R^; -C(R^)(R^)OR^ 

-C(R^)(R^)OC(0)R^; -C(ie)(OR^)(CH2)rNR^R^; -NR^R^; 
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-NR^OR^; -NR^C(0)R^; -NR^C(0)OR^ -NR^C(0)NR^R^ 
-NR^S(0)rR'; -C(OR^)(OR^)R^; -C(R^)(R')NR^R^; 
-C(R^)(R^)NRV^; =NR'^; -C(S)NR^R^; -NR^C(S)R^; 
-OC(S)NR^R^; ■■NR^C(S)OR^ -NR^C(S)NR^R^; -SC(0)R^; 
C2-5 alkenyl; C2-5 alkynyl; Ci.s alkoxy; Ci-s alkylthio; Ci^g acyl; 
saturated, imsaturated, or aromatic C5-10 carbocycle, optionally 
substituted with one or more R^^ groups; and saturated, 
unsaturated, or aromatic 5-10 membered heterocycle containing 
one or more heteroatoms selected from the group consisting of 
nitrogen, oxygen, and sulfur, and optionally substituted with one or 
more R^^ groups; 

t, at each occurrence, independently is 0, 1, 2, or 3; 

vis 0, 1,2,3,4, 5, or 6; 

K' is 0,NR^ or S(0)r; 

R^^, at each occurrence, independently is hydrogen, -CH2OH, or C1.4 alkyl; 

alternatively, two R^^ groups taken together are a carbonyl group; 

R^"* is selected from the group consisting of: 

a) hydrogen, b) Ci.6-alkyl, c) C2-6 alkenyl , d) C2-6 alkynyl, e) -C(0)-R^, 
f) -C(0)-Ci.6 alkyl-R^ g) -C(0)-C2.6 alkenyl-R^ h) -C(0)-C2.6 alkyny^R^ 
i) -C1.6 alkyl-rf, j) -C2-6alkenyl-J-R^; and k) -Ca-eaUcynyl-rf; 
wherein 

(i) any of b) - d) optionally is substituted with one or more 
substituents selected from the group consisting of: 

F, CI, Br, I, aryl, substituted aryl, heteroaryl, substituted heteroaryl, 
-OR^ -O-C1.6 alkyl-R^, -O-C2.6 alkenyl-R^, -O-C2-6 alkynyl-R^, 
and-NRV; and 

(ii) J is selected from the group consisting of: 

-0C(0)-, -0C(0)0-, -OC(0)NR^-, -C(0)NR^- -NR^C(O)-, 
-NR^C(0)0-, -NR^C(0)NR^-, -NR^C(NH)NR^-, and S(0)r; and 
R^^ is selected from the group consisting of: 

hydrogen; d-io alkyl, optionally substituted with one or more R^^ groups; 

Ci-6 acyl, optionally substituted with one or more R^^ groups; aryl; substituted 
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aryl; heteroaryl; substituted heteroaryl; arylalkyl; substituted arylalkyl; and a 
macrolide; 

wherein the macroUde is selected from the group consisting of: 




and pharmaceutically acceptable salts, esters and prodrugs thereof, wherein 
R^^ is selected from the group consisting of: 

3 13 

hydrogen, hydroxy protecting group, R , and -V-W-R , 
wherein 

V is -C(0), -C(0)0-, -C(0)NR^-., or absent, and 
W is Ci.6 alkyl, or absent; 
alternatively R^'^ and R^"^, taken together with the atoms to which they are bonded, form: 

R2-N 




Q is selected from the group consisting of: 

-NR^CH2~, -CH2-NR^- -C(0)-, -C(=NR^)-, -C(=N0RV. -C(=N.NR^RV. 



-CH(0RV. and-CH(NR^RV; 

R^^ is selected from the group consisting of: 

i) Ci.6 alkyl, ii) C2-6 alkenyl, and iii) C2-6 alkynyl; 

wherein any of i) - iii) optionally is substituted with one or more moieties 
selected from the group consisting of -OR^ aryl, substituted aryl, 
heteroaryl, and substituted heteroaryl; 
R^^ is selected from the group consisting of: 

a) ~OR'^ b) Ci_6 alkyl , c) C2.6 alkenyl, d) C2.6 alkynyl, e) -NR^R^ f) -C(0)R^ 
g) -C(0)-Ci.6 alkyl-R^^ h) -C(0)-C2-6 alkenyl-R^^ and i) -C(0)-C2.6 alkyny^R^^ 
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whereii/ any of b) - d) optionally is substituted with one or more R^^ 
groups; 

alternatively, R^"* and R^^, taken together with the atoms to which they are bonded, form: 

p>23 




wherein 

L is CH or and 
R^Ms -OR^orR^; 



R^^s-OR^^; 

alternatively, R^^ and R^^, taken together with the atoms to which they are bonded, form a 
5-membered ring by attachment to each other through a linker selected from the group consisting 
of: 

-OC(R^)(R^)0-, ~0C(0)0- -OC(0)NR^- -NR^C(0)0--, -OC(0)NOR^- 
-N(OR^)C(0)0- -OC(0)N-NR^R^- -N(NR^R^)C(0)0-~, -OC(0)CHR^-, -CHR^C(0)0- 
-OC(S)0-, -OC(S)NR^- -NR^C(S)0~ -OC(S)NOR^-, -N(OR^)C(S)0- 
-OC(S)N-NR^R^-, -N(NR^R^)C(S)0- -OC(S)CHR^-, and -CHR^C(S)0--; 



altematively, Q, R^^, and R^^, taken together with the atoms to which they are bonded. 



form: 




wherein 



MisOorNR^; i 

R^^ is selected from the group consisting of: 
hydrogen, F, CI, Br, I, and Ci-e alkyl; 

R^^, at each occurrence, independently is selected from the group consisting of: 

hydrogen, -OR^, -O-hydroxy protecting group, -O-Ci-6 alkyl- J-R^"^, 
-O-C2.6 alkeny^J-R^^ -O-C1.6 alkynyl-J-R^^ and-NR^; 
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alternatively, two R^^ groups taken together are =0, =N-OR^, or =N-NR^R^; and 
R^, R^, R^^, R^"^, and J are as described hereinabove. 



Examples of: 




include, but are not limited to, thiophene, furan, 4-oxo-2-imidazolyl, 2-imidazolyl, 4-imidazolyl, 
3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 1-pyrazolyl, 3-pyrazolyl, 4-pyrazolyl, 5-pyrazolyl, 2- 
oxazolyl, 4-oxazolyl, 4-oxo-2-oxazolyl, 5-oxazolyl, 4,5,-dihydrooxazole, 1,2,3-oxadiazole, 
1,2,4-oxadiazole, 1,2,5-oxadiazole, 1,3,4-oxadiazole, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 3- 
isothiazole, 4-isothiazole, 5-isothiazole, 2-furanyl, 3-furanyl, 2-thienyl, 3-thienyl, 1-pyrrolyl, 2- 
pyrrolyl, 3-pyrrolyl, l,2,4-oxadiazol-3-yl, l,2,4-oxadiazol-5-yl, 5-oxo-l,2,4-oxadiazol-3-yl, 
l,2,4-thiadiazol-3-yl, l,2,4-thiadiazol-5-yl, 3-oxo-l,2,4-thiadiazol-5-yl, l,3,4-thiadiazol-5-yl, 2- 
oxo-l,3,4-thiadiazol-5-yl, 1,2,3-triazol-l-yl, l,2,3-triazol-4-yl, l,2,3-triazol-5-yl, 1,2,4-triazol-l- 
yl, l,2,4-triazol-3-yl, l,2,4-triazol-5-yl, l-tetrazol-S-yl, 2-tetrazol-5-yl, 3-isothiazolyl, 4- 
isotihiazolyl and 5-isothiazolyl, 4-oxo-2-thiazolinyl, or 5-methyl-l,3,4-thiadiazol-2-yl, 
thiazolidine-2,4-dione, oxazolidine-2,4-dione, imidazolidine-2,4-dione, oxazolidin-2-one, 
1iuazolidin-2-one, 3H-oxazol-2-one, l,3-dihydro-imidazol-2-one, l,3-dihydro-imidazole-2- 
thione, 2-thioxo-imidazolidin-4-one, and 4-thioxo-imidazolidin-2-one. 

In certain embodiments, the invention provides compounds having the formula: 



wherein 

A, at each occurrence, independently is carbon or nitrogen, provided at 
least one A is carbon, and 

p, q, B, D, E, and G are as defined hereinabove. 
Other embodiments of the invention include compounds having the formula: 






A 



Bp-(CH2)q-D-E 



Bp-(CH2)q-D-E^ 
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A 




^Bp-(CH2)q-D-E^ or ^ Bp-(CH2)q-D-E^ 

wherein 

Y is oxygen or sulfur, 

A, at each occurrence, independently is carbon or nitrogen, and 
q, D, E, and G are as defined hereinabove. 

In other embodiments, the invention provides compounds having the formula: 
/ ^A 



Bp-(CH2)q 





Bp-{CH2)q 



wherein p, q. A, B, E, and G are as defined hereinabove. 

Features of these embodiments include compounds having the formula: 



V I 





O. 



N E 




or 



\ 



wherein A, E, and G are as defined hereinabove. 
Li some embodiments, the invention provides compoxmds having the formula: 

A-^ 
/ ^A 

G N--^ 



N 



Bp-(CH2)q- 




or 
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10 



15 



.X 




Bp-{CH2)q 




wherein q. A, and G are as defined hereinabove. 
Features of these embodiments include compounds having the formula: 



A 

G N 



—-IN 




wherein A, E, and G are as defmed hereinabove. 
In certain embodiments, E has the formula: 




R9 R9 

wherein and R^*^, at each occurrence, are as defined hereinabove. 
Features of this embodiment include compounds wherein E has the formula: 



R10. 



Other features of this embodiment include compoimds wherein R has the formula: 

o 

^(CH2)x 

wherein K is selected from the group consisting of O, NR^, and S(0)r, and 
xis 0, 1,2, or 3. 

In certain features of this embodiment, K is oxygen, and in other features, t is 1. 
Still other features of this embodiment include compounds wherein R^^ is -C(0)CH3. 
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Yet another feature of this embodiment includes compounds wherein R^^ has the 



formula: 




wherein and R^ are as defined hereinabove. 

Certain other features of this embodiment include compoxmds wherem R is 
-C(0)-CH2-0H. In other features, R^ is hydrogen. 

In other embodiments according to the invention, in the foregoing compounds, G has the 
formula: 



wherein R is a macrolide. 

In other embodiments of the invention, G has the formula selected from the group 
consisting of: 




R14 X 

^ q t q q t q \ 






q 



-(CH2-) — CH=CH— (CHa-)- 



t t 




OR^s^ and 
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^ ''OH 



.or 




wherein n is 1, 2, 3, or 4. 

In still other embodiments, the invention provides compoimds having the formula: 

p 



N 





N- 



wherein G is as described hereinabove. Features of this embodiment include compounds 
wherein G is selected from the group consisting of: 



P HO N— ' 
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or a pharmaceutically acceptable salt, ester, or prodrug thereof. 

5 In another aspect, the invention provides a pharmaceutical composition comprising a 

therapeutically effective amount of one or more of the foregoing compoimds and a 
pharmaceutically acceptable carrier. In yet another aspect, the invention provides a method for 
treating a microbial infection, a fungal infection, a viral infection, a parasitic disease, a 
proliferative disease, an inflammatory disease, or a gastrointestinal motility disorder in a 

10 mammal by administering effective amoimts of the compounds of the invention or 

pharmaceutical compositions of the invention, for example, via oral, parenteral or topical routes. 
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In still anoliier aspect, the invention provides methods for synthesizing any one of the foregoing 
compounds. In another aspect, the invention provides a medical device, for example, a medical 
stent, which contains or is coated with one or more of the foregoing compoimds. 

In another embodiment, the invention further provides a family of hybrid antibiotics 
comprising a heterocyclic side-chain linked via a heterocyclic linker to at least a portion of a 
macrolide-based antibiotic. Exemplary heterocyclic side-chains, heterocylic linkers, and 
macrolides useful in the synthesis of the hybrid antibiotics include, but are not limited to, the 
chemical moieties shown below: 

Heterocvclic Side-chains 



o 
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-if \ "°"-/r\ "°"ir\ '"-^rt "-^tO" 



M" 



"M" 



"M" 



HI 



H2 



H3 



H4 



'°ir\ "'='-ir\ "°'ir^ '""ir% 

"M" "M" *^ 



H6 



H7 



H8 



H9 



H5 



For the above heterocyclic linkers, it should be understood that "O" and "M" are included 
to depict the orientation of the heterocyclic linker with respect to the other structures that define 
the compounds of the invention. More specifically, "O" denotes the portion of the compoiind 
tihat includes the heterocyclic side-chain moiety, and "M" denotes the portion of the compoxmd 
that includes the macrolide moiety. 



Macrolides 




■ml c f i 



Ml 




OH 




CH3 
^ HQ 



,.HQ N^V 




HO N- 



M5 




OH 



HO. 




HO \\- 

HI # ^ 



M3 




M6 
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M21 M22 

An exemplary scheme showing the linkage of a heterocyclic side-chain to a macrolide via 
a heterocyclic linker is shown below, where n can be 1, 2, 3, or 4: 




Macrolide 



The various heterocyclic side-chains may be linked via the heterocyclic linkers to the 
macrolides using conventional chemistries known in the art, such as those discussed below. By 
using the various combinations of chemical moieties provided, the skilled artisan may synthesize 
one or more of the exemplary compoxmds listed in Table 1. For each set of examples, the four 
lower case letter designations denote three compoxmds where n = 1, 2, 3, or 4. For example, as a 
guide to the following table, compound Ela is the n = 1 variant of the stracture shown on the 
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same row of the table. Compound Elb is the n = 2 derivative, compound Elc is the n = 3 
derivative, and Eld is the n = 4 derivative. 

TABLE 1 



Example 


0 Group 


H Group 


M Group 


Ela-d 


Ol 


HI 


Ml 


E2a-d 


Ol 


H2 


Ml 


E3a-d 


Ol 


H3 


Ml 


E4a-d 


Ol 


H4 


Ml 


E5a-d 


Ol 


H5 


Ml 


E6a-d 


Ol 


H6 


Ml 


E7a-d ' 


Ol 


H7 


Ml 


E8a-d 


Ol 


H8 


Ml 


E9a-d 


Ol 


H9 


Ml 


ElOa-d 


02 


HI 


Ml 


Ella-d 


02 


H2 


Ml 


E12a-d 


02 


H3 


Ml 


E13a-d 


02 


H4 


Ml 


E14a-d 


02 


H5 


Ml 


E15a-d 


02 


H6 


Ml 


E16a-d 


02 


H7 


Ml 


E17a-d 


02 


H8 


Ml 


E18a-d 


02 


H9 


Ml 


E19a-d 


03 


HI 


Ml 


E20a-d 


03 


H2 


Ml 


E21a-d 


03 


H3 


Ml 


E22a-d 


03 


H4 


Ml 


E23a-d 


03 


H5 


Ml 


E24a-d 


03 


H6 


Ml 


E25a-d 


03 


H7 


Ml 


E26a-d 


03 


H8 


Ml 


E27a-d 


03 


H9 


Ml 


E28a-d 


04 


HI 


Ml 
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Example 


O Group 


H Group 


M Group 


E29a-d 


04 


T_TO 

H2 


Ti At 

Ml 


E30a-d 


04 


H3 


Ml 


E31a-d 


04 




Ml 


E32a-d 


04 


TTC 

H5 


TV /ft 

Ml 


E33a-d 


04 


Ho 


Ml 


E34a-d 


04 


H7 


Ml 


E35a-d 


04 


TTO 

H8 


Ml 


E36a-d 


04 


H9 


A /ft 

Ml 


E37a-d 


05 


HI 


A At 

Ml 


E38a-d 


05 


H2 


A At 
Ml 


E39a-d 


05 


Hi 


Ml 


E40a-d 


05 


H4 


Ml 


E41a-d 


05 


TTC 

H5 


A yfl 
Ml 


E42a-d 


05 


TT^ 

Ho 


A /f1 

Ml 


E43a-d 


05 


TT^ 

H7 


A >1"1 

Ml 


E44a-d 


05 


TTO 

H8 


A Jft 

Ml 


E45a-d 


05 


H9 


A At 
Ml 


"■71 A ^ I 

E46a-d 


Oo 


HI 


\At 

Ml 


E47a-d 


Oo 


H2 


Ml 


E48a-d 


Oo 


TTO 

H3 


A At 
Ml 


E49a-d 


Oo 


TT/f 

H4 


A yri 

Ml 


E50a-d 


Go 


T T^ 

H5 


A /ft 

Ml 


E51a-d 


Oo 


Ho 


A /ri 
Ml 


E52a-d 


Oo 


H/ 


A /Tl 

Ml 


E53a-d 


Oo 


TTQ 

Ho 


Ml 


E54a-d 


Oo 


TTH 


A >ri 
Ml 


E55a-d 


07 


TT1 

HI 


A At 

Ml 


E56a-d 


07 


TTO 

H2 


A >ri 

Ml 


E57a-d 


07 


TTO 

H3 


Ml 


JLSoa-a 


o/ 


rl4 


Ml 


E59a-d 


07 


H5 


Ml 


£60a-d 


07 


H6 


Ml 
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Example 


O Group 


H Group 


M Ghroup 


£61a-a 


KJ/ 


±1/ 


JVll 




yj I 


"tJQ 

Jtlo 


IVil 


E63a-d 


KjI 


riy 


iVLl 


E64a-d 


08 


rll 


Mi 


E65a-d 


Uo 


rlZ 


iVLi 


E66a**a 


KJo 


113 


iVH 


E67a-a 


Uo 


114 


iVll 


Eo8a-a 


Do 


HD 


iVii 


E69a-a 


Uo 


Ho 


iVll 


E70a-d 


08 


TT'7 

H/ 


Ml 


E71a-d 


08 


Ho 


Ml 


E72a-d 


Uo 


uy 


iVll 


E73a-d 


uy 


HI 


iVli 


E74a-d 


uy 


HZ 




E75a-d 


uy 


H3 


A/fl 


E76a-d 


uy 


XJ/l 
H4 


AA1 
iVll 


E77a-d 


uy 




A/f 1 
iVii 


E78a-d 


uy 


Ho 


A>f 1 
iVll 


E79a-d 


uy 


H/ 


Ayf 1 
iVll 


E80a-d 


uy 


XJQ 

Ho 


iVll 


XT* CI ■< J 

ESla-d 


uy 


XTO 

Hy 


A/fl 


XT' _ X 

E82a-d 


UiU 


XJ1 
HI 


A/fl 
iVii 


xn O'Tt X 

E83a-d 


UIU 


XJO 

Hz 


A/fl 
iVii 


E84a-d 


UIU 


H3 


A/f 1 
iVli 


xn OP ji 

E85a-d 


UIO 


XJ/l 

H4 


A>f 1 


xn _ J 

E86a-d 


1 A 

UiU 


XJ^ 
HD 


A/fl 
iVll 


E87a-d 


UIU 


HO 


A/fl 


E88a-a 


UIU 


H/ 


A/fl 


E89a-a 


UIU 


XJQ 
Ho 


A/fl 
iVll 




VJIU 




A/fl 


E91a-d 


on 


HI 


Ml ' 


E92a-d 


on 


H2 


Ml 
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Example 


O Group 


H Group 


M Group 


E93a-d 


Oil 


H3 


Ml 


E94a-d 


oil 


TT A 

H4 


Ml 


E95a-d 


oil 


H5 


Ml 


E96a-d 


oil 


H6 


Ml 


E97a-d 


oil 


H7 


Ml 


E98a-d 


oil 


H8 


Ml 


E99a-d 


oil 


H9 


Ml 


ElOOa-d 


012 


HI 


Ml 


ElOla-d 


012 


H2 


X >ri 

Ml 


E102a-d 


012 


H3 


Ml 


E103a-d 


012 


H4 


Ml 


E104a-d 


012 


H5 


Ml 


E105a-d 


012 


H6 


Ml 


E106a-d 


012 


H7 


Ml 


E107a-d 


012 


H8 


Ml 


E108a-d 


012 


H9 


Ml 


E109a-d 


013 


XT 1 

HI 


Ml 


EllOa-d 


013 


H2 


Ml 


Ellla-d 


013 


H3 


Ml 


E112a-d 


013 


T T >l 

H4 


TV jrt 

Ml 


E113a-d 


013 


H5 


Ml 


E114a-d 


013 


Ho 


Ml 


E115a-d 


013 


H7 


Ml 


E116a-d 


013 


H8 


Ml 


E117a-d 


013 


H9 


Ml 


E118a-d 


014 


HI 


Ml 


E119a-d 


014 


H2 


Ml 


E120a-d 


014 


H3 


Ml 


E121a-d 


014 


H4 


TV >r"i 

Ml 


E122a-d 


U14 




Mi 


E123a-d 


014 


H6 


Ml 


E124a-d 


014 


H7 


Ml 
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Tn» "I 

Example 


0 Group 


H Group 


M Group 


E125a-a 


014 


TTO 

H8 


Ml 


E126a-d 


014 


TTn 

H9 


Ml 


E127a-d 


015 


TT1 

HI 


Ml 


E128a-d 


015 


H2 


Ml 


E129a-d 


015 


H3 


Ml 


E130a-d 


015 


H4 


Ml 


E131a-d 


015 


H5 


Ml 


E132a-d 


015 


Ho 


Ml 


E133a-d 




±1/ 


Ml 


E134a-d 


015 


TTO 

H8 


ATI 
Ml 


E135a-d 




H9 


Ml 


E136a-d 


016 


T T"! 

HI 


TV jT"! 

Ml 


E137a-d 


016 


H2 


Ml 


E138a-d 


016 


H3 


Ml 


E139a-d 


Olo 


H4 


Ml 


E140a-d 


Olo 


_ 

H5 


Ml 


E141a-d 


Olo 


TT^ 

Ho 


Ml 


E142a-d 


Olo 


TT'? 

H7 


Ml 


E143a-d 


Olo 


TTO 

H8 


A JT-t 

Ml 


E144a-d 


Olo 


H9 


A jTI 

Ml 


E145a-d 


01 


TT1 

HI 


M2 


E146a-d 


01 


TTO 

H2 


M2 


El47a-d 


01 


Hi 


A /TO 

M2 


E148a-d 


01 


TT/1 

H4 


A /TO 

M2 


E149a-d 


01 


TT^ 

H5 


M2 


E150a-d 


y^ 1 
01 


Ho 


M2 


E151a-d 


01 


H7 


M2 


E152a-d 


01 


TTO 

H8 


M2 


E153a-d 


01 


TTrt 

H9 


M2 


E154a-a 


U2 


XJ1 

111 


A /TO 

Mz 


E155a-d 


02 


H2 


M2 


E156a-d 


02 


H3 


M2 
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Example 


O Group 


H Group 


M Group 


Ji/157a-a 


Uz 


rl4 


A /TO 

M2 


£fl58a-a 


U2 


JnLD 


Mz 


E159a-a 


/^o 
U2 


Ho 


M2 


E160a-d 


02 


XT'? 

H7 


A /f O 

JV12 


E161a-d 


02 


Ho 


Mz 


Eloza-d 


U2 


urn 


Mz 


E163a-d 


03 


"LT1 
HI 


Mz 


E164a-d 




Hz 


Mz 


£165a-a 




tiD 


TV /TO 

Mz 


E166a-d 


03 


H4 


Mz 


E167a-d 


03 


H5 


M2 


E168a-d 


UJ 


Ho 


Mz 


E169a-d 


03 


H/ 


Mz 


E170a-d 


KJD 


Ho 


A /TO 

Mz 


E171a-d 


KJD 


XJQ 

Hy 


MZ 


171 -f ^ J 

E172a-d 


r\A 
04 


Hi 


A /TO 

MZ 


E173a-d 


04 


Hz 


A TO 

MZ 


171 n A JI 

E174a-d 


04 


XJO 

Hi 


A>ro 
M2 


E175a-d 


04 


XJ/f 

H4 


A /TO 
MZ 


171 -i JM 

E176a-d 


04 


XJC 

Hj 


MZ 


171 J 

E177a-d 


04 


XJ/C 

Ho 


M2 


XT' -< J 

E178a-d 


04 


H/ 


A /TO 

Mz 


E179a-d 


04 


XJO 

Ho 


A /TO 

Mz 


E180a-d 


U4 


XJO 

tiy 


MZ 


XT'-* O-l ^ JI 

E181a-d 


L)D 


XJ1 

HI 


A >fO 

MZ 


Elo2a-a 






A /TO 

MZ 


171 -i J 

E183a-d 


05 


TXO 

H3 


A >ro 

M2 


171 O >i Jk 

E184a-d 


05 


XJ/I 

H4 


M2 


171 't Of ^ J 

E185a-d 




H5 


M2 


JLlooa-a 




±10 


MZ 


E187a-d 


05 


H7 


M2 


E188a-d 


05 


H8 


M2 
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Example 


O Group 


ri oro up 


ivi uroup 






WO 


A/TO 


JiflVlia-a 


yJO 


jni 


A/TO 












OA 






HrliUa-d 






1V1Z» 


Jiil!i4a-a 


OA 




iv/r9 

iVjLi6 


E195a-a 


vJO 


lUA 


A/TO 


Hfiyoa-d 




Jcl./ 


iv/r9 


Ji/l!i7a-a 


OA 


xlo 


A/r9 


17' "1 

Jifiyoa-a 


OA 




iv/r9 


El*l!la-a 


O'? 


xll 


iv/r9 

iVlZ 


HrZUUa-a 


KJ / 


TJ7 

JclZ 




ili2Ula-a 


07 




AA9 


iir2UZa'-cl 


0*7 
LI/ 






Tr"^A'5*» A 


07 








07 
KJ 1 


XlO 




JiiZU5a-cl 


yj i 


W7 

n/ 


iVXZr 


HtZUoa-ci 


07 


XJ.O 


M9 


Jir2U7a-a 


KJ 1 


ri!7 


^9 


£2U8a-a 


OQ 


■pTI 
xli 




TTi-^AA^ J 

Jiy2U9a-a 


OQ 
KJo 




iVlZ 


Tr'<^ -i A« ^ 

lif21Ua-a 


OQ 




'\/r9 

iViZ 


HfZlia-a 


OQ 
KJo 






IL212a-'a 


OQ 




iViZ, 


iL213a-a 


OQ 
KJo 


WA 
no 


A>f9 
iVlZ 


IL214a-a 


OQ 
Uo 


pr7 
n/ 


A/r9 

ivxz 


£215a-a 


OQ 

Uo 


TUQ 

rlo 


iVlZ 


£216a-a 


OQ 

Uo 


TJO 


iVlZ 


lL217a-a 


OQ 

uy 


W1 
ini 






09 


H2 


M2 


E219a-d 


09 


H3 


M2 


E220a-d 


09 


H4 


M2 
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Example 


U vjroup 


H Group 


M Group 






rlD 


Ti >ro 

M2 




uy 


rio 


iTO 

M2 


iifZZ3a-a 




Jtl7 


M2 


Ji,224a-a 




TTO 

H8 


M2 


Ji/225a-a 


uy 


Hy 


TV /TO 

M2 


JLZZoa-a 


vJlU 


rll 


JV12 


Jbi227a-cl 


UiU 


rl2 


A >ro 
M2 


JtLZzoa-d 




rli 


A TO 

M2 


JLzZ^a-a 


UlU 


Jbl4 


A >ro 
M2 


lLz3Ua-a 


UlU 


M5 


A >ro 

M2 


Jif231a-a 


r\ 1 A 


Ho 


TV /TO 

M2 


liiZ32a-cl 


UlU 


H7 


A >ro 

M2 


Iii233a-a 


UlU 


Ho 


A yf 0 

M2 


lir234a-cl 


A 

UlU 


Hy 


A /TO 

M2 


lL235a-a 


Ui 1 


HI 


A /TO 

JV12 


lL23Da-a 


Ull 


H2 


A >ro 

M2 


Jif237a-a 


Ull 


TTO 

Hi 


A >ro 

M2 


lL23oa-a 


1 

Ull 


TT/I 

H4 


A >ro 

M2 


jL23va-a 


^1 1 

Ul 1 


HD 


A yro 
JV12 


TP^A(\^ A 

JL24Ua-Cl 


Ul 1 


Ho 


M2 


lLZ41a-Cl 


r^i 1 
Ul 1 


TT'7 
H/ 


A >ro 
M2 


Ji/242a-Cl 


01 1 
Ull 


Ho 


A ^'O 

M2 


Ji*243a-a 


1 

Ui i 


Hy 


A /TO 

M2 


Jir244a-a 


U12 


HI 


M2 


JL245a-Cl 


Ulz 


TTO 

H2 


■\ >ro 

M2 


li/24oa-a 


U12 


TTO 

H3 


■\ iTO 

M2 


I!i247a-a 


U12 


TT/1 

H4 


A >ro 

M2 


Jir24oa-cl 


U12 


TTC 

H5 


M2 


lL24va-cl 


U12 


TT/C 

Ho 


M2 


Ji/Zoua-Q 




rl/ 


M2 


E251a-d 


012 


H8 


M2 


E252a-d 


012 


H9 


M2 
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Example 


O Group 


H Group 


M Group 


£253a-a 


Uli 


TJ1 

HI 


A iTO 

Jvl2 


E254a-a 


Uli 


Jtlz 


"\ >ro 
MZ 


E255a-d 


013 


TT'5 

Hi 


M2 


E256a-d 


013 


H4 


TV VTO 

M2 


E257a-d 


013 


TTC 

H5 


A /f O 

Mz 


E258a-a 


Uli 


JbLo 


MZ 


E259a-d 


013 


H7 


A /TO 

MZ 


E260a-d 


Uli 




MZ 


E261a-a 


Uli 


riy 


MZ 


E262a-d 


014 


TT1 

HI 


A >ro 
M2 


E263a-d 


U14 


H2 


A yro 
MZ 


E264a-d 


U14 


Hi 


A /TO 

MZ 


E265a-d 


Ui4 


H4 


A /TO 

MZ 


E266a-d 


Ui4 


Hj 


A /TO 

MZ 


E267a-d 


U14 


Ho 


A /TO 

MZ 


E268a-d 


U14 


TUT 

H/ 


AyfO 
MZ 


E269a-d 


014 


H8 


A >fO 

MZ 


E270a-d 


U14 


Hy 


MZ 


E271a-d 


015 


TT1 

HI 


A >ro 
M2 


E272a-d 


U15 


TTO 

H2 


A /TO 
MZ 


E273a-d 


U15 


Hi 


AvTO 
MZ 


E274a-d 


r\ 1 c 

015 


H4 


A yro 
MZ 


E275a-d 


U15 


hd 


A /TO 

MZ 


E276a-d 


U15 


Ho 


A yfO 

MZ 


E277a-d 


015 


TUT'? 
H/ 


A /TO 

MZ 


E278a-d 


015 


TLTO 

Ho 


A /f O 

Mz 


E279a-d 


015 


H9 


A yTO 
MZ 


E280a-d 


Olo 


TT1 
HI 


A>ro 
Mz 


E281a-d 


Olo 


H2 


A /TO 

MZ 


JbiZoZa-cl 


uio 


HJ 




E283a-d 


016 


H4 


M2 


E284a-d 


016 


H5 


M2 
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Example 


O Group 


H Group 


M Group 




Uio 


rio 


Mz 


hiJiOOUr'Q. 


vJlo 


TUT 


MZ 


mlzo /a-d 


UlO 


XJQ 

rlo 


JV12 


E2o8a-a 


Ulo 


H9 


A /TO 

M2 


JtL289a-d 


Ul 


TT1 

HI 


M3 




Ul 


hl2 


M3 


£291a-a 


Ul 


H3 


M3 


Ji/zyza-d 


Ul 


rl4 


Mi 


ILf2!^Ja-Cl 


Ul 


JblD 


MJ 


£2v4a-cl 


Ul 


Ho 


M3 


E295a-a 


Ul 


H7 


M3 


E296a-a 


Ul 


TTO 

H8 


M3 


E297a-d 


Ul 


Hy 


M3 


E298a"a 


U2 


HJ"1 

HI 


MJ 


17'>On» A 

bjZyySL-'Q. 


Uz 


112 


MJ 


E3UUa-Cl 




HJ 


MJ 


£301 a-d 


U2 


H4 


M3 


£3U2a-d 


U2 


H5 


M3 


E303a-d 


Uz 


Ho 


M3 


E304a-d 


U2 


XT'? 

H/ 


M3 


E305a-d 


Uz 


Ho 


MJ 


E3uoa-d 


U2 


Hy 


MJ 


E3ll7a-d 


\j5 


HI 


MJ 


E308a-d 


U3 


H2 


A K*^ 

M3 


E309a-a 


U3 


H3 


M3 


E310a-d 


U3 


H4 


M3 


£3 11 a-d 


U3 


H5 


MJ 


£3l2a-d 


Ui 


Ho 


MJ 


£3Ua-d 


UJ 


XJ'7 

H/ 


MJ 


Ji«Ji4a-d 


U3 


rlo 


MJ 


E315a-d 


03 


H9 


M3 


E316a-d 


04 


HI 


M3 
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\jrroup 


rl UrrOUp 


M Group 


MIjOX /<I.""U. 




rlZ 


MJ 




OJ. 


JclJ 


JVIJ 


IT'^IQsi.rl 


Vyt 




MJ 








MJ 






rlo 


A yfO 






rl / 


JVIJ 






rlo 


Mi 




OA 


riy 


Mi 






±11 


Mi 






M7 


Mi 


Jif / a-a 




rlJ 


Mi 


Jl/O^ O a"" 11 




WA 
rl^ 


A /TO 

Mi 






rlD 


Mi 




O^ 


rlo 


Mi 






rl / 


Mi 






rlo 


Mi 






riy 


Mi 






Jell 


Mi 






HZ 


Ayr's 

Mi 




o<^ 


rij 


Mi 




OA 


WA 
rl^ 


Mi 




OA 


rlD 


A ifO 

Mi 




OA 


PTA 
HO 


A /TO 

Mi 


F'^dflo rl 


OA 


xxn 
ti/ 


Mi 




OA 


■pre 
rlo 


A^O 

Mi 




OA 


PTQ 

riy 


Mi 




07 


rll 


Mi 


F'^zldci-rl 


07 


rlZ 


Mi 




07 


rl3 


Mi 


E346a-d 


07 


H4 




E347a-d 


07 


H5 


M3 


E348a-d 


07 


H6 


M3 
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Example 


O Group 


H Group 


M Group 


E349a-a 


07 


XT'? 

H7 


M3 


E350a-a 


07 


TTO 

H8 


M3 


E351a-d 


07 


H9 


M3 


E352a-d 


07 


HI 


M3 


E353a-d 


08 


H2 


M3 


E354a-d 


08 


H3 


M3 


E355a-d 


08 


T T vl 

H4 


M3 


E35oa-d 


08 


H5 


M3 


E357a-a 


Oo 


Ho 


M3 


E358a-d 


Oo 


XT'? 

H7 


TV 4"0 

M3 


E359a-d 


08 


TTO 

H8 


M3 


E360a-d 


08 


T TC\ 

H9 


M3 


E361a-d 


09 


HI 


M3 


E362a-d 


09 


H2 


M3 


E363a-d 


09 


H3 


M3 


E364a-d 


09 


TT>I 

H4 


M3 


E3o5a-a 


U9 


H5 


X /TO 

M3 


E366a-d 


09 


TT/* 

H6 


M3 


E367a-d 


09 


H7 


M3 


E368a-d 


09 


TTO 

H8 


M3 


E369a-d 


09 


TTrt 

H9 


M3 


E370a-d 


OlO 


TT1 

HI 


M3 


EJ/la-d 


UlU 


Hz 


Mi 


E372a-d 


OlO 


TTO 

H3 


TV A'O 

M3 


E373a-d 


OlO 


TT /i 

H4 


M3 


E374a-d 


/---V -| /-\ 

OlO 


H5 


M3 


E375a-d 


OlO 


H6 


M3 


E376a-d 


OlO 


TT^ 

H7 


M3 


E377a-d 


OlO 


TTO 

H8 


TV >ro 

M3 


EJ7oa-a 




lUQ 


JVIJ 


E379a-d 


on 


HI 


M3 


E380a-d 


on 


H2 


M3 



wo 2004/029066 



PCT/US2003/030478 



Example 






TVf Oroun 




1 1 




M3 




ni 1 


H4 


M3 




01 1 


H5 


M3 


Ji,3o4a-a 


ni 1 




M3 


Jif3o5a-a 


ni 1 


XI. / 


±vx^ 


£3o6a-a 


01 1 
^ i i 


xio 


M3 


E387a-a 


m 1 




M3 


£39oa-€l 




TT1 


M3 


lif3oVa-Cl 






M3 


Jii3yua-a 


ni9 


H3 

X XmJ 


M3 


Ji,3!ila-cl 




Xi'T 


M3 








M3 


Jir393a-a 


01 9 




M3 


lir394a-a 


01 9 


XX / 


M3 


E395a-a 




xxo 


M3 


E3yoa-a 


01 9 
w iz 


xx^ 


M3 


jii3V7a-ci 




HI 

XXX 


M3 


Jlr3yoa-a 




X JLZf 


M3 


E399a-cl 




XXJ 


M3 


TPylAAA A 

E4UUa-a 




TT4 

XX" 


M3 


t4ula-a 




XXJ 


M3 


E4u2a-a 




XXO 


M3 


E4U3a-a 




H7 

XX / 


M3 


E4U4a-il 


ni 


xxo 


M3 


E4Uba-a 


ni ^ 


HQ 

xx^ 


M3 


ji*4Uoa-ci 


ni4 


HI 


M3 


E4U7a-a 


ni A 


H'2 

xx^ 


M3 


TTl ^ AOa 

E408a-a 


ni A 


XXJ 


M3 


E409a-a 


ni A 


H4 
xxt 


M3 


E410a-d 


014 


H5 


M3 


E411a-d 


014 


H6 


M3 


E412a-d 


014 


H7 


M3 
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w vxroup 


TT Crroiin 


M QrouD 






H8 

xxo 


M3 


lL4l4a-a 




H9 

xx^ 


M3 






HI 


M3 


li,4loa-a 




H2 

xx.^ 


M3 


Jii41 /a-u 




H3 


M3 


Jii4ioa-ci 




H4 


M3 


JtL4iva-ci 




H5 

XXk^ 


M3 


lii42Ua-Cl 






M3 


Ji4421a"Cl 




H7 

XX / 


M3 


Jl(42za-€l 




H8 

xxo 


M3 


Jir423a-a 


01 




M3 


TP A'^ A ^ A 

Iif424a-a 


v/lD 


HI 

XXX 


M3 


TT/l'^Crt A 

lL42ba-ci 




H2 


M3 


Ji,42oa-Cl 


ni ^ 


H3 


M3 


TPA^i^^ A 

Jii427a-cl 


ni ^ 


H4 

XXT^ 


M3 


lL42oa-cl 


ni fi 


H5 

XXi^ 


M3 


17/l1Qa A 

Jii4Z5^a-a 


ni 6 


H6 


M3 


JL43Ua-a 


ni^ 


H7 

XX / 


M3 


IT /111 a rl 


ni^ 


H8 


M3 


T?/l'2'>« A 

Ji»4^2a-ci 


nif> 


H9 


M3 


li/43Ja-a 


ni 


HI 


M4 


Iir434a-a 


ni 


H2 

jrx^ 


M4 


ii43Da-cl 


ni 


X x^ 


M4 


Jii43oa-a 


ni 


H4 

X x~ 


M4 


JtL437a-a 


ni 


H5 

xx.^ 


M4 


Jit4<3oa--Cl 


ni 


H6 

XXvr 


M4 


JL43!/a-Cl 


ni 


H7 

XX/ 


M4 


ji(44Ua-ci 


ni 


H8 


M4 


Ji(44ia-a 


ni 


H9 

xx,^ 


M4 


E442a-d 


02 


HI 


M4 


E443a-d 


02 


H2 


M4 


E444a-d 


02 


H3 


M4 
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Example 


O Group 


H Group 


M Group 




02 


TT A 

H4 


M4 


Jij44oa-cl 


U2 


H5 


M4 


11(44 / a-d 


02 


Ho 


M4 


E448a-a 


02 


H7 


M4 


E449a-d 


02 


H8 


M4 


lir45Ua-a 


02 


H9 


M4 


Jli451a-a 


03 


HI 


M4 


Jir4^za-ci 




H2 


M4 


1?/iiC'2a A 

iL4c>3a-a 




H3 


M4 


Ilf454a-Cl 




TT/f 

H4 


M4 


JE455a-a 


03 


H5 


M4 


E456a-d 


03 


H6 


M4 


E457a-d 


03 


H7 


M4 


E45oa-d 


03 


H8 


M4 


E455^a-d 


03 


H9 


M4 


E4oUa-d 


(J4 


T T*l 

Hi 


M4 


E461a-d 


/I 

04 


T Tf^ 

H2 


M4 


E462a-a 


04 


H3 


M4 


E463a-d 


04 


TT A 

H4 


M4 


E4o4a"d 


04 


H5 


M4 


E4o5a-d 


U4 


Ho 


M4 


E4ooa-d 


04 


XT'? 

H7 


M4 


ii(4o /a-a 


U4 


TTO 
H5 


TV iT >l 

M4 


E46oa-d 


04 


H9 


M4 


XT' A ilC\^ S\ 

E46va-a 


05 


HI 


M4 


E47Ua-d 


05 


H2 


M4 


E471a-d 


05 


TTO 

H3 


M4 


E472a-d 


05 


TT>1 

H4 


M4 


TP A ^'5 A A 

E473a-d 




TT^ 

H5 


M4 






rio 


M4 


E475a-d 


05 


H7 


M4 


E476a-d 


05 


H8 


M4 
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Example 


0 Group 


H Group 


M Group 


E477a-a 


05 


H9 


M4 


E478a-a 


Oo 


HI 


M4 


E479a-a 


06 


H2 


M4 


E480a-d 


06 


H3 


M4 


E481a-d 


06 


H4 


M4 


E482a-d 


06 


H5 


M4 


E483a-d 


06 


H6 


M4 


E484a-d 


06 


H7 


M4 


E485a-d 


Oo 


HS 


M4 


E486a-d 


06 


H9 


M4 


E487a-d 


07 


HI 


M4 


E488a-d 


07 


H2 


M4 


E489a-d 


07 


H3 


M4 


E490a-d 


07 


H4 


M4 


E491a-d 


07 


H5 


M4 


E492a-d 


07 


H6 


M4 


E493a-d 


07 


H7 


M4 


E494a-d 


07 


HS 


M4 


E495a-d 


07 


H9 


M4 


E496a-d 


08 


HI 


M4 


E497a-d 


OS 


H2 


M4 


E498a-d 


OS 


H3 


M4 


E499a-d 


OS 


H4 


M4 


E500a-d 


OS 


H5 


M4 


E501a-d 


08 


H6 


M4 


E502a-d 


OS 


H7 


M4 


E503a--d 


OS 


HS 


M4 


E504a-d 


OS 


H9 


M4 


E505a-d 


09 


HI 


M4 


Ji(5Uoa-a 




tiZ 


TV Jf A 

M4 


E507a-d 


09 


H3 


M4 


E508a-d 


09 


H4 


M4 
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Example 


O Group 


H Group 


M Group 


E509a-d 


09 


H5 


M4 


E510a-d 


09 


H6 


M4 


E511a-d 


09 


H7 


M4 


E512a-d 


09 


H8 


M4 


E513a-d 


09 


H9 


M4 


E514a-d 


OlO 


HI 


M4 


E515a-d 


OlO 


H2 


M4 


E516a-d 


OlO 


H3 


M4 


E517a-d 


OlO 


H4 


M4 


E518a-d 


OlO 


H5 


M4 


E519a-d 


OlO 


H6 


M4 


E520a-d 


OlO 


H7 


M4 


E521a-d 


OlO 


H8 


M4 


E522a-d 


OlO 


H9 


M4 


E523a-d 


oil 


HI 


M4 


E524a-d 


oil 


H2 


M4 


E525a-d 


oil 


H3 


M4 


E526a-d 


oil 


H4 


M4 


E527a-d 


oil 


H5 


M4 


E528a-d 


oil 


H6 


M4 


E529a-d 


Oil 


H7 


M4 


E530a-d 


on 


H8 


M4 


E531a-d 


on 


H9 


M4 


E532a-d 


012 


HI 


M4 


E533a-d 


012 


H2 


M4 


E534a-d 


012 


H3 


M4 


E535a-d 


012 


H4 


M4 


E536a-d 


012 


H5 


M4 


E537a-d 


012 


H6 


M4 


lL53oa-a 


Olz 


T 

H7 


M4 


E539a-d 


012 


H8 


M4 


E540a-d 


012 


H9 


M4 
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Example 


O Group 


H Group 


M Group 


jliD4ia-cl 


013 


HI 


M4 




013 


Hz 


M4 


lif54Ja-cl 


013 


H3 


M4 


E544a--a 


013 


H4 


M4 


E545a-a 


013 


H5 


M4 


£546a-a 


013 


H6 


M4 


Ily547a--a 


013 


H7 


M4 


lir54oa-a 


013 


T TO 

H8 


M4 


Jif54ya-cl 


013 


H9 


M4 


lL550a-a 


014 


HI 


M4 


E551a-a 


014 


H2 


M4 


E552a-d 


014 


H3 


M4 


E553a-d 


014 


H4 


M4 


E554a-a 


014 


H5 


M4 


fry ^ ^ ^ J 

E555a-d 


014 


H6 


M4 


E55oa-a 




T 

H7 


M4 


E557a-a 


014 


TTO 

H8 


M4 


£558a-a 


014 


H9 


M4 


E559a-a 


015 


HI 


M4 


E5o0a-a 


015 


H2 


M4 


E561a-a 


015 


H3 


M4 


TP "1 

E562a-d 


015 


H4 


M4 


E5o3a-d 


U15 


H5 


M4 


E5o4a-a 


015 


H6 


M4 


E565a-d 


015 


H7 


M4 


E5o6a-d 


015 


H8 


M4 


Tn ^ 1 

E567a-d 


015 


H9 


M4 


TP e _ J 

E568a-d 


016 


HI 


M4 


E569a-d 


016 


H2 


M4 




^1 o 


Jrl3 


JV14 


E571a-d 


016 


H4 


M4 


E572a-d 


016 


H5 


M4 
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Example 


O Group 


H Group 


M Group 


E573a-d 


016 


H6 


M4 


E574a-d 


016 


H7 


M4 


E575a"d 


016 


H8 


M4 


E576a-d 


016 


H9 


M4 


E577a-d 


Ol 


HI 


M5 


E578a-d 


Ol 


H2 


M5 


E579a-d 


Ol 


H3 


M5 


E580a-d 


Ol 


H4 


M5 


E581a-d 


Ol 


H5 


M5 


E582a-d 


Ol 


H6 


M5 


E583a-d 


Ol 


H7 


M5 


E584a-d 


Ol 


H8 


M5 


E585a-d 


Ol 


H9 


M5 


E586a-d 


02 


HI 


M5 


E587a"d 


02 


H2 


M5 


E588a-d 


02 


H3 


M5 


E589a-d 


02 


H4 


M5 


E590a-d 


02 


H5 


M5 


E591a-d 


02 


H6 


M5 


E592a"d 


02 


H7 


M5 


E593a"d 


02 


H8 


M5 


E594a-d 


02 


H9 


M5 


E595a-d 


03 


HI 


M5 


"171 ^ €V ^ 1 

E596a-d 


03 


H2 


M5 


E597a-d 


03 


H3 


M5 


E598a-d 


03 


H4 


M5 


E599a-d 


03 


H5 


M5 


E600a-d 


03 


H6 


M5 


E601a-d 


03 


H7 


M5 


JiroUZa-cl 


UJ 


TTO 

Ho 


M5 


E603a"d 


03 


H9 


M5 


E604a-d 


04 


HI 


M5 
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Example 


O Group 


H Group 


M Group 


EoOSa-d 


04 


H2 


M5 


E606a-d 


04 


H3 


M5 


E607a-d 


04 


H4 


M5 


E608a-d 


04 


H5 


M5 


E609a-d 


04 


H6 


M5 


E610a-d 


04 


H7 


M5 


E611a-d 


04 


H8 


M5 


E612a-d 


04 


H9 


M5 


E613a-d 


05 


HI 


M5 


E614a-d 


05 


H2 


M5 


E615a-d 


05 


H3 


M5 


E616a-d 


05 


H4 


M5 


E617a-d 


05 


H5 


M5 


E618a-d 


05 


H6 


M5 


E619a-d 


05 


H7 


M5 


E620a-d 


05 


H8 


M5 


E621a-d 


05 


H9 


M5 


E622a-d 


06 


HI 


M5 


E623a-d 


06 


H2 


M5 


E624a-d 


06 


H3 


M5 


E625a-d 


06 


H4 


M5 


E626a-d 


06 


H5 


M5 


E627a-d 


06 


H6 


M5 


E628a-d 


06 


H7 


M5 


E629a-d 


06 


H8 


M5 


E630a-d 


06 


H9 


M5 


E631a-d 


07 


HI 


M5 


E632a-d 


07 


H2 


M5 


E633a-d 


07 


H3 


M5 


li/o34a-a 


KJl 


H4 


M5 


E635a-d 


Ol 


H5 


M5 


E636a-d 


07 


H6 


M5 
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Example 


O Group 


H Group 


M Group 


E637a-d 


07 


H7 


M5 


E638a-d 


07 


HS 


M5 


E639a-d 


07 


H9 


M5 


E640a-d 


08 


HI 


M5 


E641a-d 


OS 


H2 


M5 


E642a-d 


OS 


H3 


M5 


E643a-d 


OS 


H4 


M5 


E644a-d 


OS 


H5 


M5 


E645a-d 


OS 


H6 


M5 


E646a-d 


OS 


H7 


M5 


E647a-d 


OS 


HS 


M5 


E648a"d 


08 


H9 


M5 


E649a-d 


09 


HI 


M5 


E650a-d 


09 


H2 


M5 


E651a-d 


09 


H3 


M5 


E652a-d 


09 


H4 


M5 


E653a-d 


09 


H5 


M5 


E654a-d 


09 


H6 


M5 


E655a-d 


09 


H7 


M5 


E656a-d 


09 


HS 


M5 


E657a-d 


09 


H9 


M5 


E658a-d 


OlO 


HI 


M5 


E659a-d 


OlO 


H2 


M5 


E660a-d 


OlO 


H3 


M5 


E661a-d 


OlO 


H4 


M5 


E662a-d 


OlO 


H5 


M5 


E663a-d 


OlO 


H6 


M5 


E664a-d 


OlO 


H7 


M5 


E665a-d 


OlO 


HS 


M5 


Jcvoooa-a 


UlU 


Hy 


TV JfC 

M5 


E667a"d 


oil 


HI 


M5 


E668a-d 


on 


H2 


M5 



73 



wo 2004/029066 



PCT/US2003/030478 



_ — 

Example 


0 Group 


H Group 


M Group 


E669a-d 


Oil 


H3 


M5 


E670a-d 


on 


H4 


M5 


E671a-d 


on 


H5 


M5 


E672a-d 


on 


H6 


M5 


E673a-d 


on 


H7 


M5 


E674a-d 


on 


H8 


M5 


E675a-d 


on 


H9 


M5 


E676a-d 


012 


HI 


M5 


E677a-d 


012 


H2 


M5 


E678a-d 


012 


H3 


M5 


E679a-d 


012 


H4 


M5 


E680a-d 


012 


H5 


M5 


E681a-d 


012 


H6 


M5 


E682a-d 


012 


H7 


M5 


E683a-d 


012 


H8 


M5 


E684a-d 


012 


H9 


M5 


E685a-d 


013 


HI 


M5 


E686a-d 


013 


H2 


M5 


E687a-d 


013 


H3 


M5 


E688a-d 


013 


H4 


M5 


E689a-d 


013 


H5 


M5 


E690a-d 


013 


H6 


M5 


E691a-d 


013 


H7 


M5 


E692a-d 


013 


H8 


M5 


E693a-d 


013 


H9 


M5 


E694a-d 


014 


HI 


M5 


E695a-d 


014 


H2 


M5 


E696a-d 


014 


H3 


M5 


E697a-d 


014 


H4 


M5 


E698a-d 


014 


H5 


M5 


E699a-d 


014 


H6 


M5 


E700a-d 


014 


H7 


M5 
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Example 


O Group 


H Group 


M Group 


JS/Ola-d 


014 


TTO 

H8 


M5 


JL7li2a-a 


014 


H9 


M5 


E703a-a 


015 


HI 


M5 


E704a-d 


015 


H2 


M5 


E705a-d 


015 


H3 


M5 


E706a-d 


015 


H4 


M5 


E707a-d 


015 


H5 


M5 


E708a-d 


015 


Ho 


M5 


E709a-d 


015 


TT'T 

H7 


It C 

M5 


E710a-d 


015 


T TO 

H8 


M5 


E711a-d 


015 


H9 


M5 


E712a-d 


016 


HI 


M5 


E713a-d 


Olo 


H2 


M5 


E714a-d 


Olo 


H3 


M5 


E715a-d 


Olo 


TTyl 

H4 


M5 


E716a-d 


Olo 


H5 


M5 


E717a-d 


Olo 


T T ^ 

H6 


M5 


E718a-d 


Olo 


TT'^ 

H7 


M5 


E719a-d 


016 


H8 


M5 


E720a-d 


Olo 


H9 


M5 


E721a-d 


Ol 


HI 


M6 


E722a-d 


Ol 


T T*^ 

H2 


M6 


E723a-d 


Ol 


TTO 

H3 


Mo 


E724a-d 


Ol 


TT /I 

H4 


M6 


E725a-d 


Ol 


T 

H5 


TV It ^ 

M6 


E726a-d 


Ol 


H6 


M6 


E727a-d 


Ol 


H7 


M6 


E728a-d 


Ol 


H8 


M6 


E729a-d 


Ol 


H9 


TV IT ^ 

M6 


jtL /•>ua-ci 


r^o 
yJL 


XJ1 


iViO 


E731a-d 


02 


H2 


M6 


E732a-d 


02 


H3 


M6 
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Example 


O Group 


H Group 


M Group 


'■-1 ^ ^ 

E733a-d 


02 


H4 


M6 


E734a-d 


02 


H5 


M6 


E735a-d 


02 


H6 


M6 


E736a-d 


02 


H7 


M6 


E737a-d 


02 


H8 


M6 


E738a-d 


02 


H9 


M6 


E739a-d 


03 


I-Il 


M6 


E740a-d 


03 


H2 


M6 


E741a-d 


03 


H3 


M6 


E742a-d 


03 


T T ii 

H4 


M6 


E743a-d 


03 


H5 


M6 


E744a-d 


03 


H6 


M6 


E745a-d 


03 


H7 


M6 


E746a-d 


03 


H8 


M6 


E747a-d 


03 


H9 


M6 


E748a-d 


04 


HI 


TV jr 

M6 


E749a-d 


04 


H2 


M6 


E750a-d 


04 


H3 


Mo 


E751a-d 


04 


H4 


M6 


E752a-d 


04 


H5 


M6 


E753a-d 


04 


H6 


M6 


E754a-d 


04 


H7 


M6 


E755a-d 


04 


H8 


M6 


E756a-d 


04 


H9 


M6 


E757a-d 


05 


HI 


M6 


E758a-d 


05 


H2 


M6 


E759a-d 


05 


H3 


M6 


E760a-d 


05 


H4 


M6 


E761a-d 


05 


H5 


M6 


E7o2a-a 




Ho 


Mo 


E763a-d 


05 


H7 


M6 


E764a-d 


05 


H8 


M6 
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Example 


O Group 


H Group 


M Group 


E765a-d 


05 


H9 


M6 


E766a-d 


06 


HI 


M6 


E767a-d 


06 


H2 


M6 


E768a-d 


06 


H3 


M6 


E769a-d 


06 


H4 


M6 


E770a-d 


06 


H5 


M6 


E771a-d 


06 


H6 


M6 


E772a-d 


06 


H7 


M6 


E773a-d 


06 


HS 


M6 


E774a-d 


06 


H9 


M6 


E775a-d 


07 


HI 


M6 


E776a-d 


07 


H2 


M6 


E777a-d 


07 


H3 


M6 


E778a-d 


07 


H4 


M6 


E779a-d 


07 


H5 


M6 


E780a-d 


07 


H6 


M6 


E781a-d 


07 


H7 


M6 


E782a-d 


07 


HS 


M6 


E783a-d 


07 


H9 


M6 


E784a-d 


OS 


HI 


M6 


E785a-d 


08 


H2 


M6 


E786a-d 


08 


H3 


M6 


E787a-d 


08 


H4 


M6 


E788a-d 


08 


H5 


M6 


E789a-d 


OS 


H6 


M6 


E790a-d 


OS 


H7 


M6 


E791a-d 


OS 


HS 


M6 


E792a-d 


OS 


H9 


M6 


E793a-d 


09 


HI 


M6 


E794a-d 


09 


H2 


M6 


E795a-d 


09 


H3 


M6 


E796a-d 


09 


H4 


M6 
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Example 


O Group 


H Group 


M Group 


E797a-d 


09 


H5 


M6 


E798a-d 


09 


H6 


M6 


E799a-d 


09 


H7 


M6 


E800a-d 


09 


H8 


M6 


E801a-d 


09 


H9 


M6 


E802a-d 


OlO 


HI 


M6 


E803a-d 


OlO 


H2 


M6 


E804a-d 


OlO 


H3 


M6 


E805a-d 


OlO 


H4 


M6 


E806a-d 


OlO 


H5 


M6 


E807a-d 


OlO 


H6 


M6 


E808a-d 


OlO 


H7 


M6 


E809a-d 


OlO 


H8 


M6 


E810a-d 


OlO 


H9 


M6 


E811a-d 


oil 


HI 


M6 


E812a-d 


oil 


H2 


M6 


E813a-d 


oil 


H3 


M6 


E814a-d 


oil 


H4 


M6 


E815a-d 


oil 


H5 


M6 


E816a-d 


oil 


H6 


M6 


E817a-d 


oil 


H7 


M6 


E818a-d 


oil 


H8 


M6 


E819a-d 


oil 


H9 


M6 


E820a"d 


012 


HI 


M6 


E821a-d 


012 


H2 


M6 


E822a-d 


012 


H3 


M6 


E823a-d 


012 


H4 


M6 


E824a-d 


012 


H5 


M6 


E825a-d 


012 


H6 


M6 


E826a-d 


012 


H7 


Mb 


E827a-d 


012 


H8 


M6 


E828a-d 


012 


H9 


M6 
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Example 


0 Group 


H Group 


M Group 


Ji(Oz9a-cl 


013 


TT1 

HI 


M6 




(Ji J 


Hz 


Mo 


JLo31a-a 


013 


H3 


M6 


E832a-a 


013 


H4 


M6 


E833a-d 


013 


H5 


M6 


E834a-d 


013 


H6 


M6 


E835a-d 


013 


H7 


M6 


£836a-a 


013 


TTO 

H8 


Mo 


E837a-a 


013 


H9 


Mo 


E838a-a 


014 


TT1 

HI 


M6 


E839a-a 


014 


H2 


M6 


E840a-d 


014 


H3 


M6 


E841a"d 


014 


T T /f 

H4 


M6 


E842a-d 


014 


H5 


M6 


E843a-d 


014 


TT^ 

Ho 


Mo 


E844a"a 


014 


H7 


M6 


171 0 ^ ^ J 

E845a-a 


014 


TTO 

H8 


Mo 


E846a-a 


014 


TTr\ 

H9 


M6 


171 0 A 

E847a-d 




T T"l 

HI 


M6 


171 0 ^ 0 _ J 

E848a-d 


015 


T T/^ 

H2 


M6 


E849a-d 


015 


TTO 

H3 


M6 


T71 0 Jl 

E850a-d 


015 


H4 


M6 


E851a-d 


015 


H5 


M6 


E852a-d 


015 


T 

H6 


M6 


Eo53a-a 


015 


TT'^ 

H7 


M6 


E854a-a 


015 


T TO 

H8 


M6 


E855a-a 


015 


T Tf\ 

H9 


M6 


fTiOeZ^ ^ JM 

EoSoa-d 


Olo 


TT1 

HI 


M6 


Eo57a-a 


Olo 


T T*^ 

H2 


M6 


jiio^oa-Q 






Mo 


E859a-d 


016 


H4 


M6 


E860a-d 


016 


H5 


M6 
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Example 


O Group 


H Group 


M Group 


£861a-a 




Ho 


JVlO 


E862a-a 


Ulo 


rl/ 


Mo 


E863a-d 


Ulo 


TTQ 

rlo 


Mo 


E864a-d 


ulo 


riy 


Mo 


E865a-a 


Ul 


XJ1 

Jbll 


M/ 


E866a-a 


Ul 


rl2 


iVL/ 


E867a-d 


Ul 


Hi 


M/ 


E868a"a 


Ul 


rl4 


M/ 


E869a-a 


Ul 




M/ 


E870a-d 


Ul 


rlo 


M/ 


E871a-d 


Ul 


HV 


A/n 
M/ 


E872a-d 


Ul 


Jblo 


iVl/ 


E873a-d 


Ol 


H9 


M/ 


E874a-d 


U2 


TT1 
Hi 


M/ 


E875a-d 


U2 


H2 


M/ 


E876a-d 


U2 


HJ 


M/ 


E877a-d 


U2 


H4 


iVl / 


E878a-d 


U2 


HD 


iVl/ 


E879a-d 


U2 


Ho 


M/ 


E880a-d 


U2 


H/ 


M/ 


E881a-d 


U2 


Ho 


A if? 

M/ 


E882a-d 


U2 


H9 


A yfV 

M/ 


E883a-d 


U3 


Hi 


M/ 


E884a-d 


Ui 


H2 


iVi / 


£885a-d 


U3 


Hi 


M/ 


E886a-d 


03 


H4 


M/ 


E887a-d 


03 


H5 


A A'n 
M/ 


•w—i Ann 1 

E888a-d 


03 


Ho 


M7 


THOOA JI 

E889a-d 


U3 


XT'? 

H7 


M/ 


jLoyUa-a 


kJd 


Ho 


iVl / 


E891a-d 


03 


H9 


M7 


E892a-d 


04 


HI 


M7 
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Example 


O Group 


H Group 


M Group 


E893a-d 


04 


H2 


M7 


E894a-d 


04 


H3 


M7 


E895a-d 


04 


H4 


M7 


E896a-d 


04 


H5 


Nil 


E897a-d 


04 


Ho 


M7 


E898a-d 


04 


H7 


M7 


E899a-d 


04 


T TO 

H8 


M7 


E900a-d 


(J4 


TJfl 

riy 


M/ 


E901a-a 


ur> 


±11 


iVl/ 


E902a-d 


05 


TITO 


M/ 


E903a-d 


05 


H3 


M7 


E904a-d 


05 


TT>I 

H4 


M7 


E905a-d 


05 


H5 


M7 


E906a-d 


05 


Ho 


JV17 


E907a-d 


05 


H7 


M/ 


E908a-d 


05 


Ho 


A An 
M/ 


E909a-d 


05 


H9 


JV17 


E910a-d 


06 


TT1 

HI 


A An 

Nil 


E911a-d 


06 


H2 


M7 


E912a-d 


06 


TTO 

H3 


M7 


E913a-d 


Oo 


H4 


A An 
M/ 


E914a-d 


Uo 




JVL/ 


E915a-d 


Uo 


Mo 


JVL/ 


"■71 -i ^ _i 

E916a-d 


Oo 


H/ 


M/ 


E917a-d 


Oo 


TTO 

H8 


A An 

M7 


E918a-d 


06 


TTr* 

H9 


M7 


E919a-d 


07 


TT"I 

Hi 


M7 


E920a-d 


07 


TTO 

H2 


M7 


E921a-d 


07 


TTO 

H3 


M7 


liiy22a-a 


U/ 


114 


JVL/ 


E923a-d 


07 


H5 


M7 


E924a-d 


07 


H6 


M7 
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Example 


O Group 


H Group 


M Group 


E925a-d 


07 


H7 


M7 


E926a-d 


07 


H8 


M7 


E927a-d 


07 


H9 


M7 


E928a-d 


08 


HI 


M7 


E929a-d 


08 


H2 


M7 


E930a-d 


08 


H3 


M7 


E931a-d 


08 


H4 


M7 


E932a-d 


08 


H5 


M7 


E933a-d 


08 


H6 


M7 


E934a-d 


08 


H7 


M7 


E935a-d 


08 


H8 


M7 


E936a-d 


08 


H9 


M7 


E937a-d 


09 


HI 


M7 


E938a"d 


09 


H2 


M7 


E939a-d 


09 


H3 


M7 


E940a-d 


09 


H4 


M7 


E941a-d 


09 


H5 


M7 


E942a-d 


09 


H6 


M7 


E943a-d 


09 


H7 


M7 


E944a-d 


09 


H8 


M7 


E945a-d 


09 


H9 


M7 


E946a-d 


OlO 


HI 


M7 


E947a-d 


OlO 


H2 


M7 


E948a-d 


OlO 


H3 


M7 


E949a-d 


OlO 


TT A 

H4 


M7 


E950a-d 


OlO 


H5 


M7 


E951a-d 


OlO 


H6 


M7 


E952a-d 


OlO 


H7 


M7 


E953a-d 


OlO 


H8 


M7 


E954a-d 


OlO 


H9 


M7 


E955a-d 


oil 


HI 


M7 


E956a-d 


on 


H2 


M7 



82 



wo 2004/029066 



PCT/US2003/030478 



Example 


O Group 


H Group 


M Grroup 


E957a-d 


Oil 


H3 


M7 


E958a-d 


oil 


114 


M7 


Jbysya-ci 


Oil 


HD 


JVl/ 


E960a-a 


Oi i 


Mo 


JVl/ 


E9ola-a 


Ol 1 

Oil 


TJ'7 
11/ 


JVL/ 


E!l62a-a 


1 

Oil 


XJQ 

rlo 


JM/ 


E963a-a 


Oil 


119 


A if? 

M/ 


E964a-d 


012 


TT1 
HI 


JV17 


E9o5a-d 


Olz 


112 


JVl/ 


E966a-d 


012 


TIT'S 

Hi 


A if? 

JVL/ 


E967a-d 


012 


H4 


JVl/ 


E968a-d 


012 


HD 


A /rn 
JVl/ 


E969a-d 


012 


Ho 


A yTT 
JVl/ 


E970a"d 


012 


XT'? 

H7 


iVl/ 


E971a-d 


Olz 


Ho 


A An 
JVl/ 


E972a-d 


012 




JM/ 


E973a-d 


013 


Mi 


iVi/ 


XT' ft ^ A ^ Ji 

E974a-d 


Oli 


XJO 

H2 


JVl/ 


E975a-d 


Oli 


Hi 


JVl/ 


E976a-d 


Oli 


H4 


JVl/ 


E977a-d 


013 


H5 


A yr'7 
JM/ 


E978a-d 


013 


Ho 


A /TT 

JM7 


E979a-a 


Oli 


XT'? 

H/ 


iVl/ 


E980a-d 


Oli 


XJO 

Ho 


JM/ 


E981a-d 


Oli 


xrn 

Hy 


JM/ 


E982a-d 


014 


TT1 
HI 


A An 

M/ 


E983a-d 


014 


H2 


A yr'7 

JM7 


E984a-d 


014 


TTO 

H3 


A yn 

JM7 


E985a-d 


014 


H4 


Ayr'? 
JM/ 


jiiyooa-ci 






Tvr7 


E987a-d 


014 


H6 


M7 


E988a-d 


014 


H7 


M7 
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Example 


O Grroup 


xl vjrOUp 


M Group 




U14 


JrLo 


JVL/ 


JEvvOa-a 


IJ14 




JVL/ 






Irll 


JVL/ 


E992a-d 


(Jl J 


TUO 

rlz 


JVL/ 


E993a-a 


(JlD 


Hi 


JVL/ 


JL994a-a 






A>f7 
iVl/ 


JL995a-a 


Did 




iVi/ 


JL99oa-a 




xlO 


iVl / 




KJiD 


Jtl/ 




JE998a-a 




rlo 


IVL/ 


E999a-a 


UlD 




JVL/ 


ElOOOa-d 


Ulo 


ril 


JVl/ 


ElOula-d 


vJio 


rlZ 


iVl / 


E10u2a-d 


Ulo 




IVL/ 


E10U3a-d 


(Jlo 


TJ/l 
rl4 


iVl/ 


E10U4a-d 


Ulo 




IVL/ 


T7l-<AAf. 

E1005a-d 


Ulo 


rlo 


iVi/ 


£1006a-d 


Ulo 


rl/ 


IVl/ 


E1007a-d 


Ulo 


xlo 


IVl/ 


ElUUoa-d 


Ulo 


uo 


iVl / 


IjI'I aaHa Ji 


Ul 


■pri 


IVIO 


TT* -1 A"! A.r^ J 

ElulOa-d 


Ul 


rlz 


iVlo 


ElUlla-a 


Ul 


riJ 


iVlo 


ElU12a-d 


Ul 




IVlo 


Tn -1 A"! '5 ^ 

£lU13a-d 


Ul 




iVlo 


E1014a-d 


Ul 


rlo 


IVLo 


E1015a-d 


Ul 


rl/ 


IVlo 


ElOloa-d 


Ul 


Ho 


JVLo 


E1017a-d 


Ul 


XJQ 


iVlo 


Ji/iuioa-u 




ini 


MR 


E1019a-d 


02 


H2 


M8 


E1020a-d 


02 


H3 


M8 



84 



wo 2004/029066 



PCT/US2003/030478 





u oro up 


rx OTULip 


iVl vjxoup 


JiilU2la'-a 


00 


XXA. 


iVlo 


E1022a-cl 


\jL 


rlD 


iVlo 


E1023a-cl 


uz 


rlO 


iVlo 


E1024a-a 


UZ 


TJ'7 

rl/ 


IVlo 


TP "1 A'^iT^ J 

Ji(lU25a-a 


UZ 


JnLo 


A/TQ 
IVlo 


lL(lu2oa-€l 


UZ 




iVio 


li(1027a-a 


\jd 


Jrli 


IVlo 


£1028a-a 


U3 


rlZ 


iVlo 


£lU29a-a 


UJ 


Jtlj 


iVlo 


E1030a-a 


cvx 
U3 




iVlO 


E1031a-cl 


UJ 




iVlo 


ElU32a-a 


Uo 


JnLO 


iVio 


EiU33a-"a 


UJ 


JljL / 


A/TR 
ivio 


TP-I A'5 /I « -rl 


UJ 


rlo 


A/TR 
iVlo 


E1035a-cl 


UJ 




A/TR 
IVlo 


ITU rt'^^ -J 

E1036a-a 


U4 


±11 


iViO 


ElU37a-a 


U4 


rlZ 


A/TR 


ElU3oa-a 


U4 




A/TR 
iVlo 


E1039a-cl 


U4 




A/TR 


Elu4ua-a 


U4 




AiTR 

iVlO 


Elu41a-a 


U4 


xlO 


A/TR 
iVlo 


E1042a-a 


U4 


TT'7 

rl/ 


A/TR 
iVlO 


ElU43a-a 


UH- 


xlo 


A/TR 


TP 1 A/l /I A ^ 

ElU44a-"a 


UH- 




A/TR 


ElU45a-a 


UD 


111 


A/TR 
iVlo 


TP"! A>fiCn ^ 


UD 


rlZ 


A/fR 
iVio 


Tp-i A/f ^ 

E1047a-a 


UD 


rlJ 


A/TR 
iVXo 


TP** A>IO^ J 

£1048a-a 


U5 


114 


A/TR 
iVlo 


E1049a-a 


05 


JblD 


A/TR 
iVlo 








M8 


E1051a-d 


05 


H7 


M8 


E1052a-d 


05 


H8 


M8 
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TP » _ 1 _ 

Example 


O Group 


H Group 


M Group 


E1053a-d 


05 


119 


M8 


E1054a-d 


Oo 


TT1 

HI 


M8 


E1055a-d 


Oo 


112 


A AO 

Mo 


E1056a-a 


Uo 


Hi 


A /TO 

JVlo 


E1057a-d 


Oo 


TT/i 


A /TO 

Mo 


E10S8a-d 


Oo 


H5 


Mo 


E1059a-d 


Oo 


Ho 


A>ro 
Mo 


E1060a-d 


Oo 


H7 


Mo 


E1061a-d 


Oo 


H8 


Mo 


E1062a-d 


Oo 


Hy 


Mo 


E1063a-d 


07 


HI 


M8 


E1064a-d 


07 


H2 


A XO 

M8 


E1065a-d 


07 


T TO 

H3 


M8 


E1066a-d 


07 


H4 


A AO 

Mo 


E1067a-d 


\j1 


HD 


Mo 


E1068a-d 


Ol 


Ho 


A /TO 

Mo 


E10o9a-d 


U/ 


M/ 


iVlo 


E1070a-d 


07 


Ho 


Mo 


E1071a-d 


Ol 


H9 


A AO 

M8 


E1072a-d 


08 


HI 


Mo 


E1073a-d 


08 


H2 


Mo 


E1074a-d 


08 


H3 


A AO 

M8 


E1075a-d 


Oo 


XT /I 

H4 


Mo 


E1076a-d 


08 


Hj 


A AO 

Mo 


E1077a-d 


08 


Ho 


A yf O 

Mo 


E1078a-d 


08 


H7 


A AO 


E1079a-d 


08 


TTO 

H8 


A AO 

M8 


E1080a-d 


08 


H9 


A AO 

M8 


E1081a-d 


09 


TJT1 
HI 


Ayro 
Mo 


JiiiUoza-ci 




JuLZ 


iVlO 


E1083a-d 


09 


H3 


M8 


E1084a-d 


09 


H4 


M8 
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Example 


O Grroup 


H Ciroup 


iVl UTOUp 


JLlUo5a-a 




rlD 


iVlo 


HiiUooa-ci 




no 


iViO 


JirlUo7a-a 


uy 


xl/ 


iVio 






rlo 


iVlo 


E1089a-a 


uy 


jtiy 


iVlo 


TP 1 AAA^ ^ 


vJlU 


rll 


iVlo 


TPt AA1 A ^ 


^lU 


XlZ 


iVio 


TPiAO'^rt 






iVlO 


Jc/iuyja-Q 






iVio 


TP*! AA/lo «1 


Ol A 


xlD 


iVlo 


TP -f AAf ^ JM 




xlo 


iVlo 


HilUyoa-d 




JML/ 


A/TQ 


TP -1 AAH'^ J 

E1097a-d 


UlU 


rlo 


A/TQ 


TP "1 AAO» ^ 


UlU 


riy 


iVlo 


TPIAOn^^ A 

Eluyya-a 


Ui 1 


rll 


A/TR 
IVlo 


TP "l AA^ ^ 

EllUUa-a 


Ui 1 


rlZ 


A/TQ 
iVlo 


TP 1 1 Al ^ A 

EllUla-a 


rM 1 


rlj 


A/TQ 
iVlo 


£llU2a-a 


Ui 1 




IVlo 


EllU3a-a 


01 1 




iVlo 


EllU4a-a 


Ul 1 


XlO 


A/TQ 
iVlo 




oi 1 
Ul 1 


rl/ 


iVlo 


TP"! 1 A/Ia a 


oi 1 
Ui 1 


rlo 


iVlO 


EllU /a-d 


Ui 1 


TTQ 

xiy 


iVlo 


EllUoa-d 


UIZ 


rll 


A/TQ 
IVlo 


Eliuya-d 


UIZ 


±1Z 


iVlO 


ElllUa-a 


UIZ 


r±D 


iVlo 


Elllla--d 


Ul->: 




iVlo 


Elil2a-d 


UIZ 




iVlo 


Elil3a-d 


UIZ 


rlo 


iVlo 


jiiXii'ia-Q 




TT7 


AAR 
iVio 


E1115a-d 


on 


H8 


M8 


E1116a-d 


on 


H9 


M8 
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ExamDle 


O Group 


H Group 


M Groitp 


E1117a-d 


013 


HI 


MB 


F.1118a-d 


013 


H2 


MS 


F,1 1 1 9a-d 

Xl/X X X -7 


013 


H3 


M8 


Jl/ X X A W u. 


013 


H4 


M8 


F.I 121a-d 

XL/X X^Xm U 


013 


H5 


M8 


E1122a-d 


013 


H6 


M8 


F1 1 21a-d 

XLlXXiW*JA U 


013 


H7 


M8 


F1124a-d 


013 


H8 


M8 




013 


H9 


M8 


F1126a-d 


014 


HI 


M8 


F1127a-d 

XliXXA / A U' 


014 


H2 


M8 


E1128a-d 


014 


H3 


M8 


E1129a-d 


014 


H4 


M8 




014 


H5 


M8 


XL/X X«JX^ 


014 


H6 


M8 


F1112a-d 

Xjj X X *J Xrf <l "■ U. 


014 


H7 


M8 


XliX X*Jw7<l U 


014 


H8 


M8 


El 1 '^4a-d 

XliXX«^^M U 


014 


H9 


M8 


E113Sa-d 

XUXXtt^kJA IX 


015 


HI 


M8 


E11'^6a-d 

XLfXXaJUw U 


015 


H2 


M8 


Fl 1 17a-d 


015 


H3 


M8 


Fl 1 '^Sa-d 


015 


H4 


M8 


Fl 1 '^Oa-d 


015 


H5 


M8 


Fl 1 40a-d 

XL/ X XT'Vrtfl. v» 


015 


H6 


M8 


E1141a-d 

XliXX~X** V* 


015 


H7 


M8 


E1142a-d 

Xli X X ** 


015 


H8 


M8 


Fl 1 4^a-d 

XL/XXTvJA U- 


015 


H9 


M8 


Fl 144a-d 


016 


HI 


M8 


E1145a-d 


016 


H2 


M8 


E1146a-d 


016 


H3 


M8 


E1147a-d 


016 


H4 


M8 


E1148a-d 


016 


H5 


M8 
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Example 


O Group 


M Lrroup 


M Group 






Jtlo 


M8 




Uio 


XT'? 
11/ 


M8 


IT"! 1 CI A A 


Ulo 


TITO 

Ho 


MB 


Ji»1152a-a 


Ulo 


H9 


M8 


Iirll53a-a 


Ul 


TT 1 

Hi 


M9 


ii/ll54a-a 


Ul 


H2 


M9 


Ji<ll3da-a 


Ul 


HJ 


M9 


HiXidoa-a 


vJl 




M9 


XT t "f CTa a 

JifllS/a-a 


Ul 


rlD 


A if O 

iV19 


Ji/115oa-a 


Ul 


rio 


M9 


Jifll55la-Cl 


Ul 


XT'? 

H7 


M9 


JiflloUa-a 


Ul 


TTO 

Ho 


M9 


Hfllola-a 


Ul 


H?^ 


A XC\ 

M9 


XT' 1 1 iC*^ n ^ 




T_ri 
Hi 


My 


Ji»lloJa-a 


U2 


H2 


M9 


lLll64a-d 


U2 


H3 


A XC\ 

M9 


Jiillo5a-a 


U2 


TT/I 

H4 


M9 


Ellooa-a 


U2 


TTC 

H5 


A KC\ 

M9 


lLllo7a-cl 


U2 


TT/C 

Ho 


M9 


HfllDoa-ct 


U2 


H/ 


My 


iLXiova-ci 




Ho 


jviy 


Hill/Ua-a 


uz 


Hy 


A XC\ 

M9 


Ji^ll/la-a 


UJ 


TT1 
HI 


M9 


Jlill72a-a 


U3 


H2 


M9 


Jifll73a-a 


UJ 


Hi 


M9 


lLll74a-a 


Uj 


H4 


A >m 

M9 


lL1175a-cl 


UJ 


HD 


A X€\ 

M9 


Ji»117oa-€l 


UJ 


Ho 


My 


Jifll77a"a 


UJ 


T T'7 

H/ 


My 


iLrXX /oa-Q 


CXX 
\Jd 


Ho 


iviy 


E1179a-d 


03 


H9 


M9 


E1180a-d 


04 


HI 


M9 
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Example 


O Group 


H Group 


M Group 


E1181a-d 


04 


H2 


M9 


E1182a-d 


04 


H3 


M9 


E1183a-d 


04 


H4 


M9 


E1184a-d 


04 


H5 


M9 


E1185a-d 


04 


H6 


M9 


E1186a-d 


04 


H7 


M9 


E1187a-d 


04 


H8 


M9 


E1188a-d 


04 


H9 


M9 


E1189a-d 


05 


HI 


M9 


E1190a-d 


05 


H2 


M9 


E1191a-d 


05 


H3 


M9 


E1192a-d 


05 


H4 


M9 


E1193a-d 


05 


H5 


M9 


E1194a"d 


05 


H6 


TV JCC\ 

M9 


E1195a-d 


05 


H7 


TV /cr\ 

M9 


E1196a-d 


05 


H8 


M9 


E1197a-d 


05 


H9 


M9 


E1198a-d 


06 


HI 


M9 


E1199a-d 


06 


H2 


M9 


E1200a-d 


06 


H3 


M9 


E1201a-d 


06 


TT A 

H4 


TV KC\ 

M9 


E1202a-d 


06 


H5 


M9 


E1203a-d 


06 


H6 


M9 


E1204a-d 


06 


H7 


M9 


E1205a-d 


06 


T TO 

H8 


TV JfC\ 

M9 


E1206a-d 


06 


H9 


M9 


E1207a-d 


07 


HI 


M9 


E1208a-d 


07 


H2 


M9 


E1209a-d 


07 


H3 


M9 


E1210a-d 


07 


TT A 

H4 


M9 


E1211a-d 


07 


H5 


M9 


E1212a-d 


07 


H6 


M9 
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Example 


O Group 


H Group 


TV jr y— 1 

M Group 


E1213a-d 


07 


r±7 


M9 . 


E12i4a-a 


07 


TTO 


M9 


E1215a-d 


U7 


Hy 


My 


E1216a-d 


08 


TT1 

HI 


M9 


E1217a-d 


08 


H2 


M9 


E1218a-d 


OS 


H3 


M9 


E1219a-d 


OS 


H4 


M9 


E1220a-d 


OS 


H5 


My 


E1221a-d 


OS 


Ho 


M9 


E1222a-d 


OS 


TT'^ 

H7 


M9 


E1223a-d 


OS 


T TO 

HS 


M9 


E1224a-d 


OS 


H9 


M9 


E1225a-d 


09 


T T 1 

HI 


TV /rt\ 

M9 


E1226a-d 


09 


H2 


M9 


E1227a-d 


09 


Hi 


A /TO 

M9 


E1228a-d 


09 


H4 


M9 


E1229a-d 


09 


TTiT 

H5 


M9 


E1230a-d 


09 


TT^ 

Ho 


M9 


E1231a-d 


09 


T T^ 

H7 


M9 


E1232a-d 


09 


TTO 

HS 


A >rr\ 

M9 


E1233a-d 


09 


H9 


M9 


E1234a-d 


OlO 


TT 1 

HI 


A /TO 

M9 


E1235a-d 


OlO 


T TO 

H2 


M9 


E1236a-d 


OlO 


T T'^ 

H3 


TV 

M9 


E1237a-d 


OlO 


T T yl 

H4 


TV vrrv 

M9 


E1238a-d 


OlO 


T T^ 

H5 


M9 


E1239a-d 


OlO 


TT^" 

Ho 


TV if O 

M9 


E1240a-d 


OlO 


H7 


M9 


E1241a-d 


OlO 


TTO 

HS 


M9 


Jlil242a-a 


UlU 




A>ro 

jviy 


E1243a-d 


on 


HI 


M9 


£1244a-d 


on 


H2 


M9 
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Example 


O Group 


H Group 


M Group 


E1245a-d 


Oil 


rxD 


My 


E1246a-d 


Oil 


H4 


M9 


E1247a-d 


oil 


H5 


M9 


E1248a-d 


oil 


Ho 


M9 


E1249a-d 


on 


H7 


M9 


E1250a-d 


oil 


TTO 

H8 


M9 


E1251a-d 


oil 


H9 


M9 


E1252a-d 


012 


TLT1 
HI 


My 


E1253a-d 


012 


H2 


A yrn 

My 


E1254a-d 


012 


TTO 

H3 


M9 


E1255a-d 


012 


TTvl 

H4 


A KC\ 

M9 


E1256a-d 


012 


TT^r 

H5 


M9 


E1257a-d 


012 


Ho 


M9 


E1258a-d 


012 


H7 


M9 


E1259a-d 


012 


TTO 

H8 


My 


E1260a-d 


012 


H9 


A AC\ 

M9 


E1261a*-d 


013 


TT1 

HI 


My 


E1262a-d 


013 


TTO 

H2 


A ACS 

My 


E1263a-d 


013 


TTO 

H3 


My 


E1264a-d 


013 


H4 


A yrn 

My 


E1265a-d 


013 


TTC 

H5 


My 


E1266a-d 


013 


TT^ 

Ho 


A AC\ 

M9 


E1267a"d 


013 


H7 


A AC\ 

My 


E1268a-d 


013 


TTO 

Ho 


A AC\ 

My 


E1269a-d 


013 


H9 


A yrn 

My 


E1270a-d 


014 


TT1 

HI 


A >m 

M9 


E1271a-d 


014 


TT/^ 

H2 


M9 


E1272a-d 


014 


H3 


A AC\ 

M9 


E1273a-d 


014 


TT>I 

H4 


A Af\ 

M9 


Jiil274a-a 


014 


JblD 




E1275a-d 


014 


H6 


M9 


E1276a-d 


014 


H7 


M9 
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Example 


O Group 


H Group 


M Group 


E1277a-d 


014 


H8 


M9 


E1278a-d 


014 


H9 


M9 


E1279a-d 


015 


HI 


M9 


E1280a-d 


015 


H2 


M9 


E1281a-d 


015 


H3 


M9 


E1282a-d 


015 


H4 


M9 


E1283a-d 


015 


H5 


M9 


E1284a-d 


015 


H6 


M9 


E1285a-d 


015 


H7 


M9 


E1286a-d 


015 


TTO 

H8 


H ATX 

M9 


E1287a-d 


015 


H9 


TV ATX 

M9 


E1288a-d 


016 


HI 


M9 


E1289a-d 


016 


H2 


M9 


E1290a-d 


016 


H3 


M9 


E1291a-d 


016 


H4 


M9 


E1292a-d 


016 


H5 


M9 


E1293a-d 


016 


Ho 


Ti. ACS. 

M9 


E1294a-d 


016 


H7 


M9 


E1295a-d 


016 


H8 


M9 


E1296a-d 


016 


H9 


M9 


E1297a-d 


Ol 


TTI 

HI 


MIO 


E1298a-d 


Ol 


H2 


MIO 


E1299a-d 


Ol 


T TO 

H3 


TV yfl /\ 

MIO 


E1300a-d 


Ol 


H4 


MIO 


E1301a-d 


Ol 


T T^* 

H5 


TV At f\ 

MIO 


E1302a-d 


Ol 


TT^" 

H6 


A At /\ 

MIO 


E1303a-d 


Ol 


T 

H7 


TV At /\ 

MIO 


E1304a-d 


Ol 


H8 


MIO 


E1305a-d 


Ol 


H9 


MIO 


E1306a-d 


02 


HI 


A >ri A 
MiU 


E1307a-d 


02 


H2 


MIO 


E1308a"d 


02 


H3 


MIO 
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Example 


O Group 


H Group 


M Group 


E1309a-d 


02 


H4 


MIO 


E1310a-d 


02 


TTC 

H5 


MIO 


E1311a-d 


02 


H6 


MIO 


E1312a-d 


02 


H7 


MIO 


E1313a-d 


02 


H8 


MIO 


E1314a-d 


02 


H9 


MIO 


E1315a-d 


03 


HI 


MIO 


E1316a-d 


03 


H2 


MIO 


E1317a-d 


03 


H3 


MIO 


E1318a-d 


03 


H4 


MIO 


E1319a-d 


03 


H5 


TV jTI i\ 

MIO 


E1320a-d 


03 


Ho 


MIO 


E1321a-d 


03 


TT'^ 

H7 


MIO 


E1322a-d 


03 


TTO 

H8 


MIO 


E1323a-d 


03 


H9 


MIO 


E1324a-d 


04 


T T"l 

HI 


TV >ri f\ 

MIO 


E1325a-d 


04 


TTO 

H2 


MIO 


E1326a-d 


04 


TTO 

H3 


MIO 


E1327a-d 


04 


T T >l 

H4 


MIO 


E1328a-d 


04 


T T^ 

H5 


MIO 


E1329a-d 


04 


T T/' 

H6 


MIO 


E1330a-d 


04 


H7 


MIO 


E1331a-d 


04 


H8 


MIO 


E1332a-d 


04 


H9 


MIO 


E1333a-d 


05 


TT1 

HI 


TV K'\ r\ 

MIO 


E1334a-d 


05 


TT*^ 

H2 


MIO 


E1335a-d 


05 


TTO 

H3 


TV >ri r\ 

MIO 


E1336a-d 


05 


TT >1 

H4 


TV K 1 /\ 

MIO 


E1337a-d 


05 


H5 


MIO 


E1338a-d 


05 


T T/^ 

Ho 


TV yTI /\ 

MIO 


E1339a-d 


05 


H7 


MIO 


E1340a-d 


05 


H8 


MIO 
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Example 


O Group 


H Group 


M Group 


£1341a-a 


U5 


H9 


Tw >ri r\ 
MIO 


£1342a-a 


Uo 


HI 


MIO 


E1343a-a 


Oo 


H2 


TV At f\ 

MIO 


E1344a-d 


Uo 


H3 


MIO 


E1345a-d 


Uo 




MIO 


TP -t 'y A^^ JM 

E1346a-a 


Uo 




MIO 


E1347a-d 


Uo 


Ho 


MIO 


E1348a-a 


Uo 


H7 


A iTI A 

MIO 


TP 't ^ Af\^ JM 

E1349a-a 


Uo 


Ho 


A >ri A 
MIO 


TP -i Pt\ JM. 

E1350a-a 


Uo 


H9 


A At A 
MIO 


E1351a-d 


U7 


TT1 

HI 


A At A 

MIO 


E1352a-d 


U7 


Hz 


A At A 

MIO 


E1353a-d 


07 


H3 


MIO 


E1354a-d 


U7 


XT A 

H4 


A >ri A 

MIO 


E1355a-d 


U7 


H5 


A iifl A 

MIO 


E1356a-d 


U7 


Ho 


A At A 
MIO 


E1357a-d 


U/ 


H/ 


A yri A 

MIO 


E1358a-a 


u/ 


Ho 


MIO 


E1359a-d 


U7 


H9 


A iTI A 
MIO 


£1360a-d 


U8 


HI 


A At A 
MIO 


E1361a-d 


U8 


H2 


A At A 

MIO 


E1362a-d 


U8 


T TO 

H3 


A At A 

MIO 


E1363a--d 


Uo 


H4 


A At A 
MIO 


TP "( 'iiT/l ^ JM 

E13o4a-d 


Uo 


Hj 


A /Tl A 
MIO 


E1365a-d 


Uo 


Ho 


A >f 1 A 
MIO 


XP-<'^A'^ JM 

E1366a-d 


Uo 


H7 


A At A 
MIO 


E1367a-d 


08 


TTO 

H8 


A Jft A 

MIO 


E1368a-d 


U8 


H9 


A At A 

MIO 


E1369a-d 


U9 


TT1 
HI 


A >ri A 

MIO 


E137ua-d 


uy 


HZ 


MIO 


E1371a-d 


09 


H3 


MIO 


E1372a-d 


09 


H4 


MIO 
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Example 


O Group 


H Group 


M Group 


E1373a-a 


09 


H5 


MIO 


E1374a-a 


09 


Ho 


MIO 


E1375a-d 


09 


H7 


A /ft /\ 

MIO 


E1376a-d 


09 


T TO 

H8 


MIO 


E1377a-d 


09 


H9 


MIO 


E1378a-d 


OlO 


T T1 

HI 


A /T 1 A 

MIO 


E1379a-d 


OlO 


H2 


MIO 


E1380a-d 


UlU 


Hi 


A>ri A 


E1381a-d 


OlO 


H4 


A /ft A 
MIO 


E1382a-d 


OlO 


H5 


MIO 


E1383a-d 


OlO 


TT^" 

Ho 


MIO 


E1384a-d 


OlO 


H7 


A >ri A 
MIO 


E1385a-d 


OlO 


TTO 

H8 


A yfl A 

MIO 


E1386a-d 


OlO 


H9 


A yri A 
MIO 


E1387a-d 


oil 


T T 1 

HI 


A /Tl A 

MIO 


E1388a-d 


oil 


H2 


A At A 
MIO 


E1389a-d 


oil 


TTO 

H3 


A vTI A 

MIO 


E1390a-d 


oil 


H4 


A >ri A 

MIO 


E1391a-d 


oil 


H5 


A >ri A 
MIO 


E1392a-d 


oil 


Ho 


A/TI A 
MIO 


E1393a-d 


r\t 1 
Ol 1 


H/ 


MIU 


E1394a-d 


Oil 


Ho 


A /Tl A 
MIO 


E1395a-d 


oil 


H9 


A >ri A 
MIO 


E1396a-d 


012 


T T1 

HI 


MIO 


E1397a-d 


012 


TTO 

H2 


A yri A 

MIO 


E1398a-d 


012 


TTO 

H3 


A At A 
MIO 


E1399a-d 


012 


TTyf 

H4 


A At A 

MIO 


E1400a-d 


012 


H5 


A At A 
MIO 


E1401a-d 


012 


TT^ 

Ho 


A At A 
MIO 


E1402a-a 


012 


H/ 


AyTI A 
MIO 


E1403a-d 


012 


H8 


MIO 


E1404a-d 


012 


H9 


MIO 
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JCrAcUIipiC 


W vJTOUp 




iVi VJTO up 




\J JiJ 


XXl 


iVXlU 






XXZr 


ivnu 


Ji/l4U /a-a 




Jtlj 


iVliU 


TP"! AfiG^ ^ 

iL.14Uc>a-a 






iVi i U * 


Ji,14Uya-a 


rM 


rlD 


AA1 n 


ii*±4xua-ci 


u 


no 


iVliU 


Ji/141ia"Cl 


KJlD 


xl/ 


ivnu 






ITS 
no 


ivn \j 


ji*x*ix^a-Q 






ivnu 


Jifl4l'ia-ci 


KJlHr 


W1 
ni 


ivnu 


J1^14lDa-Cl 


U14 


nz 


IVyf 1 n 
ivnu 


XLX4Xoa-CI 




nj 


ivnu 


XT" 1 1 T** *4 

xLi4i7a-a 




WA 
n*+ 


iVliU 


iiiX4Xoa-ci 






iVii w 


jtLx^x^'a-ci 




no 


ivn vj 


JCiX4ZUa-€l 


m A 


n / 


ivnu 


jtLX4Zla-Cl 




Jrto 


A/TI n 


Ji(1422a"€l 


^\^ A 
vJ14 


riy 


ivnu 


Jirl4z3a-cl 




nl 


ivnu 


li(14Z4a-Cl 




nz 


ivnu 


JifX4ZDa-Cl 






ivnu 


X!vX4Zua-a 




TTA 
nn- 


A/Tin 
ivnu 


XL/X4Z /a-Q 




TT4r 

nj 


ivn u 


ii(X4Zoa-ci 


01 ^ 


no 


ivn u 


JtLfX4Z!#a-G 




n / 


A/TI 0 


XLX4^Ua-Cl 




no 


ivnu 


Jifi4jxa-ci 




n^7 


ivnu 


jifX4oza-a 


ni 


ni 


A/TI n 
ivn V 


ji/X'io^ya-ci 




nz 


A/TI n 
ivnu 


XLf X *t%5*T^~U 


ni fk 


nj 


IVli u 


E1435a-d 


016 


H4 


MIO 


E1436a-d 


016 


H5 


MIO 
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Example 


O Group 


H Group 


M Group 


E1437a-d 


. Olo 


Ho 


TV yri A 
MIU 


ltil43oa-ci 


Ulo 


±1/ 


JVllU 


E1439a-a 


Ulo 


rlo 


JVHU 


E1440a-d 


Olo 


Hy 


MIU 


E1441a-d 


Ol 


TT1 

HI 


A yri 1 
Mil 


E1442a-d 


Ol 


H2 


A yn 1 

Mil 


E1443a-d 


Ol 


H3 


A yri 1 

Mil 


"■71 "t A A A ^ J 

E1444a-d 


Ol 


H4 


A>ri 1 
Mil 


E1445a-a 


Oi 


Hj 


A>ri 1 
Ml i 


"Wn-f A A^ ^ J 

E1446a-d 


Ol 


Ho 


AyTI 1 
Mil 


E1447a-d 


Ol 


H7 


Mil 


E1448a-d 


Ol 


TTO 

H8 


Mil 


E1449a-d 


Ol 


H9 


A >ri 1 

Mil 


E1450a-d 


02 


Hi 


A yfl 1 
Mi i 


E1451a-d 


02 


Hz 


Mi 1 


E1452a-d 


Oz 


Hi 


\yri 1 
Mi i 


E1453a-d 


02 


xj/i 
H4 


Ayri 1 
Ml 1 


ABf A J 

E1454a-d 


02 


XTC 

H5 


A/TI 1 
Mi 1 


E1455a-d 


02 


Ho 


A >ri 1 
Mil 


E1456a-d 


02 


H7 


A yri 1 
Mil 


E1457a-d 


02 


TTO 

Ho 


A>ri 1 
Mi i 


E1458a-d 


02 


TTO 

Hy 


A /f 1 1 

Mi i 


E1459a-d 


Oi 


HI 


Ayfl 1 

Mi 1 


E1460a-d 


03 


TTO 

H2 


A >f 1 1 

Mi i 


E1461a-d 


03 


TT'^ 

H3 


A >ri 1 
Mil 


E1462a-d 


03 


H4 


A /Tl 1 

Mil 


E1463a-d 


03 


H5 


A >l"1 1 

Mil 


E1464a-d 


03 


TT^ 

Ho 


Mil 


E146Sa-d 


OJ 


XTT 
H/ 


Ml 1 


Jiii4ooa-ci 




rlo 


A/ri 1 

IVll 1 


E1467a-d 


03 


H9 


Mil 


E1468a-d 


04 


HI 


Mil 
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Example 


O Group 


H Group 


M Group 


JLfl4oya-cl 


U4 


rlz 


Mil 


ll«147Ua-Cl 


vJ4 


TU12 


A yri 1 
Mil 


Jirl471a-a 


U4 


XJfA 

114 


Mil 


E1472a-a 


U4 


H5 


TV if 1 t 

Mil 


Ji,1473a-a 


U4 


Ho 


Mil 


liil474a-a 


U4 


XT'? 

ri/ 


Mil 


Jifl475a-a 


U4 


TTO 

JnLo 


A >ri 1 
Mil 


Jiil47oa-a 


U4 




A >ri 1 
Mil 


Jiil477a-a 




rli 


A 4*1 1 
Mil 


Ji/147oa-a 


r\c 
Uj 


tiZ 


A >ri 1 

Mil 


JLl479a-cl 




H3 


A /ft 1 

Mil 


Jlil4oUa-a 


U!> 


rl4 


Mil 


lLl4ola-a 


UD 


Hd 


A /f 1 1 

Mil 


lLl4o2a-a 


Uj 


Ho 


A yf 1 1 

Mil 


Jlil4o3a-a 




Tin 
H/ 


Mil 


Jifl4o4a-a 


Uj 


Ho 


Mil 


Ji/14o5a-a 


/^c 
UD 


tiy 


A /f1 1 

Mil 


ILrl4ooa-cl 


Uo 


HI 


A /Tl 1 
Mil 


Jiil4o7a-Cl 


Uo 


Hz 


AyTI 1 
Ml 1 


Jifl4ooa-cl 


Uo 


HJ 


AyTI 1 
Mil 


Jifl4oya-a 


Uo 


H4 


A A"t 1 
Mil 


lLl4vUa"a 


Uo 


H5 


A /T 1 1 

Mil 


"171 /I01 *i 


Uo 


Ho 


A yfl 1 
Ml 1 


Ji(14y2a-a 


Uo 


H/ 


A /Tl 1 

Mil 


Ji«145l3a-a 


Uo 


Ho 


A JTt 1 

Mil 


lLl4y4a-a 


Uo 


TTrv 

H9 


A At 1 

Mil 


E1495a-d 


07 


HI 


Mil 


E14!l6a-a 


07 


TTO 

H2 


A iTI -I 

Mil 


E14!l7a-a 


U7 


TTO 

H3 


Mil 




/ 


H4 


A/TI 1 
Ml 1 


E1499a-d 


07 


H5 


Mil 


E1500a-d 


07 


H6 


Mil 
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Example 


O Ciroup 


H Group 


M Group 


E1501a-a 


07 


TUT 

H/ 


Mil 


E1502a-a 


U7 


rlo 


Mil 


E1503a"d 


07 


urn 
riy 


Mil 


E1504a-d 


OS 


TT 1 

HI 


Mil 


E1505a-d 


08 


H2 


Mil 


E1506a-a 


08 


H3 


A yf 1 1 
Ml 1 


E1507a-d 


08 


TT>I 

H4 


A if 1 1 

Mil 


£1508a-d 


Uo 


±13 


ATI 1 
Ml 1 


E1509a-d 


Uo 


rlo 


A>ri 1 
Ml 1 


E1510a-d 


Oo 


H7 


Mil 


E1511a-d 


08 


Ho 


A>ri 1 
Mil 


E1512a-d 


U8 


Hy 


A yf 1 1 
Ml 1 


E1513a-d 


09 


TT1 
HI 


A /Tl 1 
Ml 1 


E1514a-d 


09 


T TO 

H2 


A Al 1 
Ml 1 


E1515a-d 


09 


H3 


A A^ 1 
Mil 


E1516a-d 


09 


H4 


A Al 1 
Mil 


E15l7a-d 


09 


H5 


A Al 1 
Mil 


E1518a-d 


09 


Ho 


A yri 1 

Mil 


E1519a-d 


09 


H7 


A A'i 1 

Mil 


E1520a-d 


09 


H8 


Mil 


E1521a-d 


09 


H9 


A At 1 

Mil 


E1522a-d 


OlO 


TT1 
HI 


A >f 1 1 

Ml 1 


XT' ■< S.^^ ^ ^ 

E1523a-d 


(JiU 


TJTO 

H2 


Ml 1 


E1524a-d 


OlO 


Hi 


A At 1 

Ml 1 


E1525a-d 


OlO 


H4 


A >ri 1 
Mil 


E1526a-d 


OlO 


TTC 

H5 


A At 1 

Mil 


xn-i JI 

E1527a-d 


OlO 


Ho 


A At 1 

Mil 


E1528a"d 


OlO 


TT'T 

H7 


A >ri 1 

Mil 


E1529a-d 


OlO 


TTO 

H8 


A At 1 
Mil 


ii»i5JUa-a 


Olu 




iVll 1 


E1531a-d 


on 


HI 


Mil 


E1532a-d 


on 


H2 


Mil 
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Example 


O Group 


XT 

H Group 


M Group 


E1533a-a 


Oil 


H3 


Mil 


E1534a-d 


Oil 


H4 


Mil 


E1535a-d 


Oil 


H5 


Mil 


E1536a-d 


oil 


H6 


Mil 


E1537a-d 


oil 


H7 


Mil 


E1538a-d 


oil 


TTO 

H8 


Mil 


E1539a-d 


oil 


H9 


Mil 


• 

E1540a-d 


012 


T T1 

HI 


Mil 


E1541a-d 


012 


H2 


Mil 


E1542a-d 


012 


H3 


Mil 


E1543a-d 


012 


H4 


Mil 


E1544a-d 


012 


H5 


Mil 


E1545a-d 


012 


Ho 


Mil 


E1546a-d 


012 


H7 


Mil 


E1547a-d 


012 


TTO 

H8 


Mil 


E1548a-d 


012 


TTrv 

H9 


Mil 


E1549a-d 


y^ I o 
013 


TT 1 

HI 


Mil 


E1550a-d 


013 


T T*^ 

H2 


Mil 


E1551a-d 


013 


H3 


Mil 


E1552a-d 


013 


TT yl 

H4 


X >ri "t 

Mil 


E1553a-d 


013 


H5 


Mil 


E1554a-d 


013 


H6 


Mil 


E1555a-d 


013 


TT^ 

H7 


Mil 


E1556a-d 


013 


H8 


Mil 


E1557a-d 


013 


TT/^ 

H9 


Mil 


E1558a-d 


014 


TT*1 

HI 


Mil 


E1559a-d 


014 


T T*^ 

H2 


Mil 


E1560a-d 


014 


TTO 

H3 


X >r-i 1 

Mil 


E1561a-d 


014 


TT>1 

H4 


X xt t 

Mil 


E15o2a-a 


U14 


rlD 


Mi 1 


E1563a-d 


014 


H6 


Mil 


E1564a-d 


014 


H7 


Mil 
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Example 


O Group 


H Group 


M Group 


E1565a-d 


014 


H8 


Mil 


E1566a-d 


014 


H9 


Mil 


E1567a-d 


015 


T Tl 

HI 


Mil 


E1568a-d 


015 


H2 


Mil 


E1569a-d 


015 


H3 


Mil 


E1570a-d 


015 


TT A 

H4 


Mil 


E1571a-d 


015 


H5 


TV /T 1 "1 

Mil 


E1572a-d 


015 


Ho 


Mil 


E1573a-d 


015 


H7 


Mil 


E1574a-d 


015 


T TO 

H8 


TV iTi -1 

Mil 


E1575a-d 


015 


H9 


Mil 


E1576a-d 


016 


HI 


Mil 


E1577a-d 


016 


H2 


TV JT-t 1 

Mil 


E1578a-d 


016 


H3 


TV /T 1 1 

Mil 


E1579a-d 


016 


H4 


TV >^^ -t 

Mil 


E1580a-d 


016 


H5 


Ti jTI 1 

Mil 


E1581a-d 


016 


H6 


TV Jtt 1 

Mil 


E1582a-d 


016 


H7 


Mil 


E1583a-d 


016 


TTO 

H8 


TV JF-t -1 

Mil 


E1584a-d 


016 


H9 


TV. jTI 1 

Mil 


E1585a-d 


Ol 


HI 


TV /T"! O 

M12 


E1586a-d 


Ol 


H2 


TV Jf-t 

M12 


E1587a"d 


Ol 


H3 


TV jf"1 

M12 


E1588a-d 


Ol 


H4 


M12 


E1589a-d 


Ol 


H5 


M12 


E1590a-d 


Ol 


H6 


M12 


E1591a-d 


Ol 


H7 


M12 


E1592a-d 


Ol 


H8 


M12 


E1593a-d 


Ol 


TT^ 

H9 


M12 


E1594a-d 


02 


ill 


M12 


E1595a-d 


02 


H2 


M12 


E1596a-d 


02 


H3 


M12 
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Example 


O Group 


H Group 


M Group 


E1597a-d 


02 


XT /I 

H4 


M12 


E1598a-a 


02 


H5 


M12 


E1599a-d 


02 


rlo 


JV112 


E1600a-d 


02 


H7 


M12 


E1601a-d 


02 


T TO 

H8 


M12 


E1602a-d 


02 


H9 


M12 


E1603a-d 


03 


TT1 

HI 


M12 


E1604a-d 


03 


112 


M12 


Elo05a-d 


Ui 


113 


JVLlz 


E1606a-d 


03 


114 


JVL12 


E1607a-d 


03 


TT^ 

H5 


M12 


E1608a-d 


03 


Ho 


M12 


E1609a-d 


03 


H7 


M12 


E1610a-d 


03 


TTO 

H8 


M12 


E1611a-d 


03 


H9 


A /f 1 O 

M12 


E1612a-d 


U4 


HI 


MiZ 


E1613a-d 


04 ' 


H2 


A yf 1 O 

Mlz 


E1614a-d 


04 


TTO 

H3 


M12 


E1615a-d 


04 


H4 


TV jTI iO 

M12 


E1616a-d 


04 


H5 


JV112 


E16i7a-d 


04 


Ho 


A 4*1 

JV112 


E1618a-d 


04 


H7 


M12 


E1619a-d 


U4 


rib 


JVilz 


E1620a-d 


04 


H9 


JVL12 


£1621a-d 


05 


TT1 

HI 


A if 1 O 

M12 


E1622a-d 


05 


H2 


M12 


E1623a-d 


05 


TTO 

H3 


M12 


E1624a-d 


05 


TTvl 

H4 


M12 


E1625a-d 


05 


TTC 

H5 


JV112 


Hilozoa-d 


LID 


rio 


Ml 9 


E1627a-d 


05 


H7 


M12 


E1628a-d 


05 


H8 


M12 
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Example 


O Group 


H Group 


M Group 






riy 


JVLIZ 


Jiflo3Ua-a 


Oo 


XJ1 


M12 




Uo 


■pro 
rlZ 


JYllZ 


E1632a-a 


Uo 




Miz 


tl633a-a 


Uo 


±14 


Miz 


£1634a-cl 


Uo 




Miz 


Elo35a-a 


Uo 


Jblo 


MIZ 


£1636a-a 


Uo 


ril 


Miz 


JElo37a-cl 


Uo 


Jblo 


MIZ 


JLlo3oa-a 


Uo 


XJQ 

jtiy 


iVllZ 


E1639a-a 


\J/ 


Ml 


MIZ 


E1640a-a 


U/ 


112 


MIZ 


XT' -I yl -I ^ J 

E1641a-a 


U/ 


rxD 


MiZ 


E1642a-a 


U / 


114 


iVliZ 


E1643a-a 


U/ 


Mj 


A/f 1 O 

MiZ 


Elo44a-a 


U/ 


Ho 


A/f 1 O 

MIZ 


Elo45a-a 


U / 


rl / 


iViiZ 


E1646a-a 


U/ 


XJQ 

Ho 


MIZ 


E1647a-d 


U7 


Tjn 
HV 


MIZ 


E1648a-a 


Uo 


XJ1 

m 


MIZ 


E1649a-d 


Uo 


rlz 


MIZ 


E1650a-d 


Uo 


T TO 

Hi 


A /Tl O 

MiZ 


Elo51a-a 


Uo 


H4 


A/f 1 O 

MIZ 


Elo52a-a 


Uo 


XJ^ 
HD 


IVllZ 


£1653a-a 


Uo 


XJ^ 
Ho 


iVllZ 


T? -I HC A^ J\ 

lLl654a-cl 


Uo 


XT'? 

H/ 


A/TI O 
iVllZ 


EloSSa-d 


Uo 


XJQ 

Ho 


iVllZ 


Elo56a-d 


Uo 


xjn 
riy 


MIZ 


E1657a-d 


U9 


HI 


MIZ 


Ji(i03oa-ci 




XlZ 


A/TI 9 


E1659a-d 


09 


H3 


M12 


E1660a-d 


09 


H4 


M12 
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Example 


O Group 


H Group 


M Group 


Ilil661a-cl 


r\c\ 


rlD 


M12 


Jirloo2a-a 


uy 


rlo 


A >ri o 
MlZ 


Jciloo3a-a 


uy 


11/ 


JVllz 


E1664a-a 


uy 


Ho 


Miz 


E1665a-a 


uy 


TUA 

uy 


Miz 


Eloooa-d 


UiU 


TT1 
HI 


A >f 1 O 

JVLlz 


JLloo/a-a 


UIU 


Hz 


Ayf 1 O 

Mlz 


Eloooa-d 


UlU 


Hi 


Miz 


£1669a-cl 


UIU 


H4 


MIZ 


ElovOa-d 


UIU 


HD 


MIZ 


E1671a-a 


UIU 


Ho 


Miz 


E1672a-d 


UIU 


H7 


M12 


E1673a-d 


UIU 


H8 


Mlz 


E1674a-d 


^1 A 

UIU 


TJA 

Hy 


MIZ 


Elo75a-a 


Ul i 


HI 


MIZ 


E1676a-d 


Uli 


Hz 


MIZ 


Elo77a-d 


rM 1 
Ui 1 


HJ 


A/Til 


E1678a-d 


CW 1 

Ul 1 


H4 


MIZ 


E1679a-d 


Uli 


HD 


MIZ 


E1680a-d 


^1 1 
Ull 


Ho 


Mlz 


E1681a-d 


Ull 


H/ 


MIZ 


"¥71 -* yO*^ ~ J 

E1682a-d 


Ull 


Ho 


MIZ 


E1683a-d 


1 

Ul 1 


Hy 


iVllZ 


TP "1 /TO /4 ^ 

E1684a"d 


U12 


Hi 


MIZ 


E1685a-d 


U12 


Hz 


Mlz 


■■71 ✓'O^' J 

EloSoa-d 


U12 


H3 


A /Tl O 

Mlz 


Elo87a-d 


U12 


H4 


MIZ 


E1688a-d 


U12 


H5 


MIZ 


E1689a-d 


U12 


Ho 


iVllZ 






fT7 


M12 


E1691a-d 


012 


H8 


M12 


E1692a-d 


012 


H9 


M12 
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Example 


O Group 


H Group 


M Group 


E1693a-d 


013 


HI 


M12 


E1694a-d 


013 


H2 


M12 


E1695a-d 


013 


H3 


M12 


E1696a-d 


013 


H4 


M12 


E1697a-d 


013 


H5 


M12 


E1698a-d 


013 


H6 


M12 


E1699a-d 


013 


H7 


M12 


E1700a-d 


013 


H8 


M12 


E1701a-d 


013 


H9 


M12 


E1702a-d 


014 


HI 


M12 


E1703a-d 


014 


H2 


M12 


E1704a-d 


014 


H3 


M12 


E1705a-d 


014 


H4 


M12 


E1706a-d 


014 


H5 


M12 


E1707a-d 


014 


H6 


M12 


E1708a-d 


014 


H7 


M12 


E1709a-d 


014 


H8 


M12 


E1710a-d 


014 


H9 


M12 


E1711a-d 


015 


HI 


M12 


E1712a-d 


015 


H2 


M12 


E1713a-d 


015 


H3 


M12 


E1714a-d 


015 


H4 


M12 


E1715a-d 


015 


H5 


M12 


E1716a-d 


015 


H6 


M12 


E1717a-d 


015 


H7 


M12 


E1718a-d 


015 


H8 


M12 


E1719a-d 


015 


H9 


M12 


E1720a-d 


016 


HI 


M12 


E1721a-d 


016 


H2 


M12 


E1722a-d 


016 


T TO 

H3 


M12 


E1723a-d 


016 


H4 


M12 


E1724a-d 


016 


H5 


M12 
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Example 


O Group 


H Group 


M Group 


JLl725a-a 


Ulo 


Ho 


M12 


E1726a-d 


Olo 


TT'7 

H7 


M12 


E1727a"d 


Olo 


TTO 

H8 


M12 


E1728a"d 


Olo 


H9 


M12 


E1729a-d 


Ol 


HI 


M13 


E1730a-d 


Ol 


H2 


M13 


E1731a-d 


Ol 


H3 


M13 


E1732a-d 


Ol 


T T >f 

H4 


M13 


E1733a-d 


Ol 


TT^ 

H5 


M13 


E1734a-d 


Ol 


TT^ 

Ho 


M13 


E1735a-d 


Ol 


H7 


M13 


E173oa-d 


Ol 


TTO 

H8 


M13 


E1737a-d 


Ol 


TTO 

H9 


M13 


E1738a-d 


02 


TT1 

HI 


TV /f 1 O 

M13 


E1739a-d 


02 


H2 


M13 


E1740a-d 


02 


H3 


M13 


E1741a-d 


02 


TTyl 

H4 


M13 


E1742a-d 


02 


TT^r 

H5 


M13 


E1743a-d 


02 


Ho 


M13 


E1744a-d 


02 


H7 


M13 


E1745a-d 


02 


T TO 

H8 


M13 


E1746a-d 


02 


H9 


M13 


E1747a-d 


03 


T Tl 

HI 


TV vTi O 

M13 


E1748a-d 


03 


TT'^ 

H2 


TV VTI O 

M13 


E174ila-d 


03 


TTO 

H3 


M13 


E1750a-d 


03 


TTyf 

H4 


M13 


E1751a-d 


03 


TT^ 

H5 


M13 


E1752a-d 


OS 


TTy^ 

H6 


M13 


E1753a-d 


03 


T T^ 

H7 


M13 


jifi /3'ia-ci 




xlo 


Mi J 


E1755a-d 


03 


H9 


M13 


E1756a-d 


04 


HI 


M13 
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ExaiQple 


O Group 


H Group 


M Group 


iLL fzy /a-a 




Jcl2 


M13 


Jiil75oa-Cl 


U4 


rli 


M13 




U4 


xl4 


M13 


E1760a-a 


04 


TTC 

H5 


TV /T-l O 

M13 


El/ola-d 


04 


Ho 


TV if"-f O 

M13 


Jiil762a-a 


04 


H7 


TV iTt O 

M13 


E1763a-a 


04 


TTO 

H8 


M13 


E17o4a-a 


U4 




M13 


E17o5a-a 




HI 


A >ri o 

M13 


E1766a-a 


05 


H2 


M13 


E1767a-d 


05 


TTO 

H3 


TV yT 1 o 

M13 


E1768a-d 


05 


TT /I 

H4 


TV JC-t O 

M13 


E1769a-a 


05 


TT^ 

H5 


M13 


E177Ua-a 


Od 


Ho 


M13 


E1771a-a 


Ud 


H/ 


M13 


E177za"a 


UD 


Ho 


Ml J 


E1773a-a 


UD 


Hy 


M13 


E1774a-a 


Uo 


HI 


M13 


E1775a-d 


Oo 


TTO 

H2 


TV iC'% O 

M13 


E1776a-d 


Oo 


TTO 

H3 


TV >ri o 

M13 


E1777a-d 


Do 


H4 


M13 


E1778a-d 


Oo 


TTC 

H5 


TV /Tl O 

M13 


El77va-a 


Oo 


Ho 


A >f 1 O 

Mli 


E17oua-d 


Oo 


H7 


M13 


E1781a-d 


Oo 


TTO 

H8 


TV iTI O 

M13 


E1782a-d 


Oo 


H9 


M13 


E1783a-d 


07 


TTI 

HI 


TV iT*! O 

M13 


E17o4a-d 


07 


TTO 

H2 


M13 


E17o5a-Cl 


O/ 


IIT'3 

Hi 


Mli 




VJ / 


JnL4 


A/TI '2 
IVll3 


E1787a-d 


07 


H5 


M13 


E1788a.d 


07 


H6 


M13 
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TO 1 

Example 


O Group 


H Group 


M Group 


E1789a-d 


07 


H7 


M13 


E1790a-d 


07 


H8 


M13 


E1791a"d 


07 


H9 


M13 


E1792a-d 


OS 


HI 


M13 


E1793a-d 


OS 


H2 


M13 


E1794a-d 


OS 


H3 


M13 


E1795a-d 


OS 


H4 


M13 


E1796a-d 


/~\o 

OS 


H5 


M13 


E1797a-d 


OS 


H6 


M13 


E1798a"d 


OS 


H7 


M13 


E1799a-d 


OS 


HS 


M13 


E1800a-d 


OS 


H9 


M13 


E1801a-d 


09 


HI 


M13 


E1802a-d 


09 


H2 


M13 


E1803a-d 


09 


H3 


M13 


E1804a-d 


09 


H4 


M13 


E1805a-d 


09 


H5 


M13 


E1806a-d 


09 


Ho 


M13 


E1807a-d 


09 


H7 


M13 


E1808a-d 


09 


HS 


M13 


E1809a-d 


09 


H9 


M13 


E1810a-d 


OlO 


HI 


M13 


E1811a-d 


OlO 


H2 


M13 


E1812a-d 


OlO 


H3 


M13 


E1813a-d 


OlO 


H4 


M13 


E1814a-d 


OlO 


H5 


M13 


E1815a-d 


OlO 


H6 


M13 


E1816a-d 


OlO 


H7 


M13 


E1817a-d 


OlO 


HS 


M13 


Jifloloa-a 


UlU 


H9 


Ml 3 


E1819a-d 


oil 


HI 


M13 


E1820a-d 


oil 


H2 


M13 
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Example 


O Group 


H Group 


M Group 


E1821a-a 


Oil 


H3 


M13 


E1822a-d 


oil 


H4 


M13 


E1823a-a 


oil 


H5 


M13 


E1824a-d 


oil 


H6 


M13 


E1825a-d 


oil 


H7 


M13 


E1826a-d 


oil 


H8 


M13 


'■'■'1 ^ mm "» 

E1827a-d 


oil 


H9 


M13 


E1828a-d 


012 


HI 


M13 


E1829a-d 


012 


H2 


M13 


El830a-d 


012 


H3 


M13 


El831a-d 


012 


H4 


M13 


E1832a-d 


012 


H5 


M13 


E1833a-d 


012 


H6 


M13 


E1834a-d 


012 


H7 


M13 


E1835a-d 


012 


H8 


M13 


E1836a-d 


012 


H9 


M13 


E1837a-d 


013 


HI 


M13 


E1838a-d 


013 


H2 


M13 


E1839a-d 


013 


H3 


M13 


E1840a-d 


013 


H4 


M13 


E1841a-d 


013 


H5 


M13 


E1842a-d 


013 


H6 


M13 


E1843a-d 


013 


H7 


M13 


E1844a-d 


013 


TTO 

H8 


M13 


E1845a-d 


013 


H9 


M13 


E1846a-d 


014 


HI 


M13 


E1847a-d 


014 


H2 


M13 


E1848a-d 


014 


H3 


M13 


E1849a-d 


014 


H4 


M13 


HiloSUa-a 


(Ji4 


Hj 


TV /Tl O 

MIS 


E1851a-d 


014 


H6 


M13 


E1852a-d 


014 


H7 


M13 M13 
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Example 


O Group 


H Group 


M Group 


E1853a-d 


014 


TTO 

H8 


M13 


E1854a-d 


014 


H9 


M13 


E1855a-d 


015 


HI 


M13 


E1856a-d 


015 


H2 


M13 


E1857a-d 


015 


H3 


M13 


E1858a-d 


015 


H4 


M13 


E1859a-d 


015 


H5 


Ml 3 


E1860a-d 


015 


H6 


M13 


E1861a-d 


015 


H7 


M13 


E1862a-d 


015 


H8 


M13 


E1863a-d 


015 


H9 


M13 


E1864a-d 


016 


HI 


M13 


E1865a-d 


016 


H2 


M13 


E1866a-d 


016 


H3 


M13 


E1867a-d 


016 


H4 


M13 


E1868a-d 


016 


H5 


M13 


E1869a-d 


Olo 


TTZT 

Ho 


M13 


E1870a-d 


016 


TT^ 

H7 


M13 


E1871a-d 


016 


H8 


M13 


E1872a-d 


016 


H9 


M13 


E1873a-d 


Ol 


HI 


M14 


E1874a-d 


Ol 


H2 


M14 


E1875a-d 


Ol 


H3 


M14 


E1876a-d 


Ol 


H4 


M14 


E1877a-d 


Ol 


H5 


M14 


E1878a-d 


Ol 


H6 


M14 


E1879a-d 


Ol 


H7 


M14 


E1880a-d 


Ol 


H8 


M14 


E1881a-d 


Ol 


H9 


M14 


£1882a-a 


02 


TT1 

HI 


M14 


E1883a-d 


02 


H2 


M14 


E1884a-d 


02 


H3 


M14 
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Example 


U Ciroup 


H Group 


M Group 


£1885a-a 


02 


If A 

H4 


M14 


£188oa-d 


02 


H5 


M14 


E1887a-a 


02 


Ho 


M14 


E1888a-d 


02 


T 

H7 


M14 


E1889a-a 


02 


TTO 

H8 


M14 


Jifl890a-a 


U2 


H9 


M14 


£1891a-a 


03 


TT1 

HI 


M14 


£1892a"a 


03 


H2 


M14 


£1893a-cl 


Ui 


TTO 

H3 


M14 


E1894a-a 


03 


TT/1 

H4 


M14 


E1895a-d 


OS 


TTr' 

H5 


M14 


E1896a-a 


03 


Ho 


TV yf-l 

M14 


E1897a-d 


03 


TTT 

H7 


TV yfl A 

M14 


E1898a-d 


03 


TTO 

H8 


M14 


E1899a-d 


OS 


H9 


M14 


E1900a-d 


04 


TT1 

HI 


M14 


E1901a-d 


04 


TTO 

H2 


M14 


E1902a-d 


/^A 

04 


TTO 

H3 


M14 


E1903a-d 


04 


H4 


TV iTI A 

M14 


E1904a-d 


U4 


HD 


TV A"! /I 
M14 


E1905a-d 


r\A 
U4 


TT^ 

Ho 


M14 


E1906a-d 


04 


H7 


TV yT 1 A 

M14 


E1907a-d 


04 


T TO 

H8 


TV vT 1 /I 

M14 


E1908a-d 


04 


TTr^ 

H9 


M14 


E1909a-d 


05 


TT"1 

HI 


M14 


E1910a-d 


05 


TTO 

H2 


1V iTI A 

M14 


E1911a-d 


05 


H3 


M14 


E1912a-d 


05 


TT >l 

H4 


M14 


E1913a-d 


05 


H5 


M14 


Eiyi'ia-a 


vJd 


Ho 


JV114 


E1915a-d 


05 


H7 


M14 


E1916a-d 


05 


H8 


M14 
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Example 


O Group 


H Group 


M Group 


E1917a-d 


05 


H9 


M14 


E1918a-d 


06 


HI 


M14 


E1919a-d 


06 


H2 


M14 


E1920a-d 


06 


H3 


M14 


E1921a-d 


06 


H4 


M14 


E1922a-d 


06 


H5 


M14 


E1923a-d 


06 


H6 


M14 


E1924a-d 


06 


H7 


TV jT-f A 

M14 


E1925a-d 


Oo 


TTO 

H8 


M14 


E1926a-d 


06 


H9 


A''t A 

M14 


E1927a-d 


07 


HI 


M14 


E1928a-d 


07 


H2 


M14 


E1929a-d 


07 


H3 


M14 


E1930a-d 


07 


H4 


M14 


E1931a-d 


07 


H5 


M14 


E1932a-d 


07 


H6 


M14 


E1933a-d 


07 


H7 


M14 


E1934a-d 


07 


H8 


M14 


E1935a-d 


07 


H9 


M14 


E1936a-d 


08 


HI 


M14 


E1937a-d 


08 


H2 


M14 


E1938a-d 


08 


H3 


M14 


E1939a-d 


08 


TT A 

H4 


TV /ft A 

M14 


E1940a-d 


08 


TT£r 

H5 


M14 


E1941a-d 


08 


Ho 


TV 4*1 A 

M14 


E1942a-d 


08 


H7 


TV jfl A 

M14 


E1943a-d 


08 


H8 


TV iTI A 

M14 


E1944a-d 


08 


H9 


M14 


E1945a-d 


09 


Hi 


TV jTI a 

M14 


Ji<iy4oa-a 


KJy 


JdLz 


A/ri A 
JV114 


E1947a-d 


09 


H3 


M14 


E1948a-d 


09 


H4 


M14 
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Example 


O Group 


H Group 


M Group 


E1949a-d 


09 


H5 


M14 


E1950a-d 


09 


H6 


M14 


E1951a-d 


09 


H7 


M14 


E1952a-d 


09 


H8 


M14 


E1953a-d 


09 


H9 


M14 


E1954a-d 


OlO 


HI 


M14 


E1955a-d 


OlO 


H2 


M14 


E1956a-d 


OlO 


H3 


M14 


E1957a-d 


OlO 


H4 


M14 


E1958a-d 


OlO 


H5 


M14 


E1959a-d 


OlO 


H6 


M14 


E1960a-d 


OlO 


H7 


M14 


E1961a-d 


OlO 


H8 


M14 


E1962a-d 


OlO 


H9 


M14 


E1963a-d 


oil 


HI 


M14 


E1964a-d 


oil 


H2 


M14 


E1965a-d 


oil 


H3 


M14 


E1966a-d 


oil 


H4 


M14 


E1967a-d 


on 


H5 


M14 


E1968a-d 


on 


H6 


M14 


E1969a-d 


on 


H7 


M14 


E1970a-d 


on 


H8 


M14 


E1971a-d 


on 


H9 


M14 


E1972a-d 


012 


HI 


M14 


E1973a-d 


012 


H2 


M14 


E1974a-d 


012 


H3 


M14 


E1975a-d 


012 


H4 


M14 


E1976a-d 


012 


H5 


M14 


E1977a-d 


012 


H6 


M14 


E1978a-d 


012 


H7 


M14 


E1979a-d 


012 


H8 


M14 


E1980a-d 


012 


H9 


M14 



114 



wo 2004/029066 



PCTAJS2003/030478 



Example 


O Group 


H Group 


M Group 


E1981a-a 


013 


TT1 

HI 


M14 


E1982a-d 


013 


H2 


M14 


E1983a-d 


013 


ri3 


M14 


E1984a-d 


013 


T T/f 

H4 


M14 


E1985a-d 


013 


H5 


M14 


E1986a-d 


Oli 


Ho 


JVL14 


E1987a-d 


U13 


TT'7 

H7 


Ayfl /I 
M14 


E1988a-d 


013 


TTO 

H8 


M14 


E1989a-d 


013 


H9 


M14 


E1990a-d 


014 


TT1 

HI 


M14 


E1991a-d 


014 


H2 


A >ri A 

M14 


E1992a-d 


014 


TTO 

H3 


A 4*1 /f 

M14 


TTI-f AA'^ 1 

E1993a"d 


014 


TT/1 

H4 


M14 


Tn -< A A A J 

E1994a-d 


/I 

014 


H5 


A /f 1 /I 

M14 


E1995a-d 


014 


Ho 


M14 


E1996a-d 


014 


TT^ 

H7 


M14 


TfTl ^ A AW "1 

E1997a-d 


014 


TTO 

H8 


M14 


Tm AAO J 

E1998a-d 


014 


Hy 


A>ri A 
M14 


TTI AAA Ji 

E1999a-d 


015 


HI 


M14 


E2000a-d 


015 


TTO 
H2 


M14 


E2001a-d 


015 


TT'5 

H3 


M14 


E2002a-d 


015 


T T yl 

H4 


M14 


E2003a-d 


015 


TTC 

H5 


A /Tl /I 

M14 


E2004a-d 


015 


Ho 


A >ri A 

M14 


E2005a-d 


015 


H7 


M14 


E2006a-d 


015 


TTO 

H8 


M14 


E2007a-d 


015 


H9 


M14 


E2008a-d 


016 


HI 


A A 

M14 


E2009a-d 


016 


H2 


A jT"! a 

M14 


IL2UlUa-a 








E2011a-d 


016 


H4 


M14 


E2012a-d 


016 


H5 


M14 
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Example 


O Group 


TT 

H Group 


M Group 


£2013a-d 


016 


Ho 


M14 


E2014a-d 


016 


H7 


M14 


E2015a-d 


016 


H8 


M14 


E2016a-d 


016 


H9 


M14 


E2017a-d 


Ol 


HI 


M15 


E2018a-d 


Ol 


H2 


M15 


E2019a-d 


Ol 


H3 


M15 


£2020a-d 


Ol 


H4 


M15 


E2021a-d 


Ol 


H5 


M15 


E2022a-d 


Ol 


H6 


M15 


E2023a-d 


Ol 


H7 


Ml 5 


E2024a-d 


Ol 


H8 


M15 


E2025a-d 


Ol 


H9 


M15 


E2026a-d 


02 


HI 


M15 


E2027a-d 


02 


H2 


M15 


E2028a-d 


02 


H3 


M15 


E2029a-d 


02 


H4 


M15 


E2030a-d 


02 


H5 


Ml 5 


E2031a-d 


02 


H6 


M15 


E2032a-d 


02 


H7 


M15 


E2033a-d 


02 


H8 


M15 


E2034a-d 


02 


H9 


M15 


E2035a-d 


03 


HI 


M15 


E2036a-d 


03 


H2 


M15 


E2037a-d 


03 


H3 


M15 


E2038a-d 


03 


H4 


M15 


E2039a-d 


03 


H5 


M15 


E2040a-d 


03 


H6 


M15 


E2041a-d 


03 


H7 


M15 


E2042a-d 


03 


T_TO 

H8 


TV iff C 

M15 


E2043a-d 


03 


H9 


M15 


E2044a-d 


04 


HI 


M15 
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JC/XaIIipi6 


VJ OTOUp 


H Group 


M Group 




OA 


TITO 

rlz 


M15 




C\A 


JtlJ 


M15 


/ a-ci 


VJ4 


XT /I 


M15 


ii(ZU4oa-a 


(J4 


H5 


M15 




U4 


Ho 


M15 


JirZUdUa-cl 


U4 


H7 


M15 


iT'^ncia A 
JlrZU3ia-a 


iJ4 




M15 


HiZUdZa-ci 


U4 




M15 


Ji(ZU53a-a 


KJD 


HI 


M15 


li(2U54a-Cl 


05 


H2 


M15 


JiiZu53a-cl 


Ud 


H3 


M15 


T?'7nc#i« A 

JifZU^oa-ci 




TUT /I 

H4 


M15 


JtLZUd / a-Q 




Hj 


M15 


iT'^n^Qo A 
HiZu^oa-Q 




rlo 


A yri c 
Ml J 


17"7n^On A 

Ji(ZUD!ia-ci 




Tin 
H/ 


M15 


HiZUoUa-d 


r\c 


T TO 

H8 


M15 


JLZUola-a 


KJD 


H9 


M15 


JLZUoZa-Cl 


Uo 


TT1 

HI 


M15 


IT'^AiC'i** J 

jLZUo3a-a 


Uo 


H2 


M15 


iLrZUo4a'-ci 


L/O 


Hi 


M15 


iLzuoDa-a 


UO 


H4 


A yri C 
JV115 


JtLZUooa-u 


Uo 


T TC 

H5 


M15 


lLZUo7a-a 


Uo 


Ho 


M15 


lL2uooa-Cl 


Uo 


H7 


M15 


J?^(\^Og% A 

JLZUo^ia-ci 


Uo 


H8 


M15 


iLfZU /ua-ci 


Uo 


Hy 


M15 


JLZU /la-Q 


\j 1 


HI 


M15 


HrZU /za-a 


U/ 


H2 


M15 


JirZU/Ja-cl 


U7 


H3 


M15 




w / 


rl4 


iVii J 


E2075a-d 


07 


H5 


M15 


E2076a-d 


07 


H6 


M15 



117 



wo 2004/029066 



PCT/US2003/030478 



Example 


O Group 


H Group 


M Group 


E2077a-d 


07 


H7 


M15 


E2078a-d 


07 


H8 


M15 


E2079a-d 


07 


H9 


M15 


E2080a-d 


OB 


HI 


M15 


E2081a-d 


08 


H2 


M15 


E2082a-d 


08 


H3 


M15 


E2083a-d 


08 


H4 


M15 


E2084a-d 


08 


H5 


M15 


E2085a-d 


08 


H6 


M15 


E2086a-d 


08 


H7 


M15 


E2087a-d 


08 


H8 


Ml 5 


E2088a-d 


08 


H9 


M15 


E2089a-d 


09 


HI 


M15 


E2090a-d 


09 


H2 


M15 


E2091a-d 


09 


H3 


M15 


E2092a-d 


09 


H4 


M15 


E2093a-d 


09 


H5 


M15 


E2094a-d 


09 


H6 


M15 


E2095a-d 


09 


H7 


M15 


E2096a-d 


09 


H8 


M15 


E2097a-d 


09 


H9 


M15 


E2098a-d 


OlO 


HI 


M15 


E2099a-d 


OlO 


H2 


M15 


E2100a-d 


OlO 


H3 


M15 


E2101a-d 


OlO 


H4 


M15 


E2102a-d 


OlO 


H5 


M15 


E2103a-d 


OlO 


H6 


M15 


E2104a-d 


OlO 


H7 


M15 


E2105a-d 


OlO 


H8 


M15 


E2106a-d 


OlO 


H9 


M15 


E2107a-d 


oil 


HI 


M15 


E2108a-d 


oil 


H2 


M15 
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ij/Xsinipie 


O Group 


rl Uroup 


M Group 




a^ 1 
vJi 1 




M15 


HrZiiua'-ci 


1 


114 


M15 




1 

Ui i 


rl5 


TV /Ti ^ 

M15 


lifZllZa-a 


1 

Ui i 


TTZT 

Ho 


M15 


Ji(2113a-a 


Oil 


T fn 

H7 


M15 


li>2ll4a-a 


Ul 1 


118 


TV iT 1 ^ 

M15 


Jii2115a-a 


Ul 1 


Turn 


TV yfl C 

M15 


jifZXioa-a 


U12 


Ml 


JVH5 


JLZii/a-a 


U12 


rlz 


M15 


xLiZ iioa-ci 


oil 
U12 


Hi 


M15 


ii/2ii*ia-a 


U12 


H4 


Ti >ri c 

M15 


Jcj212Ua-a 


U12 


H5 


TV Jfl C 

Ml 5 


Jbi2121a-a 


Uiz 


Ho 


TV /Tt £T 

M15 


JbL21 22 a-Ct 


U12 


XT'? 

til 


M15 


11(21 23 a-ci 


UIZ 


TTO 

Ho 


M15 


Jir2124a-a 


U12 


TTrt 

H9 


M15 


Ji(2125a-a 


U13 


TTi 
HI 


TV /CX C 

M15 


lL212Da-a 


U13 


TTO 

H2 


A At -C 

M15 


Jir2127a-a 


Uli 


TTO 

H3 


M15 


iL2i2oa-a 


U13 


H4 


A Jft C 


iLZ izya-ci 


Ul J 


Hj 


MlD 


lii2l3Ua-a 


Ul J 


Ho 


A yf 1 C 

M15 


Ilr2l3la-a 


Ul J 


H/ 


A yf 1 

MlD 


11(21 32 a-d 


U13 


Ho 


TV jfl ^ 

M15 


Iii2l33a-a 


U13 


H9 


M15 


E2134a-a 


U14 


TT1 

HI 


IV jrt c 

M15 


Jlr213Da-a 


U14 


H2 


A Xt C 

M15 


Jli213oa"a 


U14 


Hi 


A C 

M15 


Jlr2137a-Cl 


U14 


TTyl 

H4 


M15 






riD 




E2139a-d 


014 


H6 


Ml 5 


E2140a-d 


014 


H7 


M15 
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iZ/XclIIipXC 


VJTOup 


JHL vjroup 


M Group 






rlo 


JVllD 






jtiy 








rli 


Ml J> 


JL/ZX^H-a-Q 




rlz 


A /f 1 C 


xLZX'I'Da-a 






A /TI C 
JVLiD 






rl4 


A >f 1 C 

Mi J 


Tr'>1zl'7o rl 




JblD 


A>f 1 C 

MID 






rlo 


M1Z> 






ti/ 


MlD 






rlo 


MID 


Jc^zx3xa-u 






AA1 ^ 
MID 






■pTI 
xll 


MID 






rlz 


MlD 


TT^K^o rl 


iO 




A/f 1 
MID 


jQvZX3Da-ci 




rl4 


MID 


iLrZXdoa-€i 




rlj 


MID 




vJio 


rlo 


MlD 


1?'71^fici rl 


UiO 


rl/ 


MID 


IT'^ICOo rl 




rlo 


MID 


JiiZXoua-ci 




riy 


MID 


x!yZxoxa-a 




rll 


Mlo 


xLZioza-ci 


Ul 


rlz 


Mio 


xiiZXoj>a-ci 




rij 


Mlo 


xL*xxo**a'-ti 




rlH- 


AA1 ^ 


TT"71#i^€»-rl 

jiiZrXODa"Ci 


^1 


rij 




Tr-ll/^^^o rl 


oi 


rlo 


Mlo 


JciZXD /a-ci 




rl/ 


A>ri 
Mlo 


IT'^l^fio A 

jGiZiooa-u 




rlo 


Mlo 


litZloya-a 


yJi 


riy 


Mlo 










E2171a-d 


02 


H2 


M16 


E2172a-d 


02 


H3 


M16 
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Example 


O Group 


H Group 


M Group 


E2173a-d 


02 


H4 


M16 


E2174a-d 


02 


H5 


M16 


E2175a-d 


02 


H6 


M16 


E2176a-d 


02 


H7 


M16 


E2177a-d 


02 


H8 


M16 


E2178a-d 


02 


H9 


M16 


E2179a-d 


03 


HI 


M16 


E2180a-d 


03 


H2 


M16 


E2181a-d 


03 


H3 


M16 


E2182a-d 


03 


H4 


M16 


E2183a-d 


03 


H5 


M16 


E2184a-d 


03 


H6 


M16 


E2185a-d 


03 


H7 


M16 


E2186a-d 


03 


H8 


M16 


E2187a-d 


03 


H9 


M16 


E2188a-d 


04 


HI 


M16 


E2189a-d 


04 


H2 


M16 


E2190a-d 


04 


H3 


M16 


E2191a-d 


04 


H4 


M16 


E2192a-d 


04 


H5 


M16 


E2193a-d 


04 


H6 


M16 


E2194a-d 


04 


H7 


M16 


E2195a-d 


04 


H8 


M16 


E2196a-d 


04 


H9 


M16 


E2197a-d 


05 


HI 


M16 


E2198a-d 


05 


H2 


M16 


E2199a-d 


05 


H3 


M16 


E2200a-d 


05 


H4 


M16 


E2201a-d 


05 


H5 


M16 


E2202a-d 


05 


H6 


M16 


E2203a-d 


05 


H7 


M16 


E2204a-d 


05 


H8 


M16 
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Example 


O Group 


TT „ 

H Group 


M Group 


E2205a-d 


05 


H9 


M16 


E2206a-d 


06 


HI 


M16 


E2207a-d 


06 


H2 


Ml 6 


E2208a-d 


06 


H3 


M16 


E2209a-d 


06 


H4 


M16 


E2210a-d 


Oo 


TT^ 

H5 


Mlo 


E2211a-d 


06 


Ho 


TV /Tl 

M16 


E2212a-d 


Oo 


H7 


Mlo 


E2213a-d 


Oo 


HS 


M16 


E2214a-d 


06 


H9 


M16 


E2215a-d 


07 


HI 


M16 


E2216a-d 


07 


H2 


M16 


E2217a-d 


07 


H3 


TV yT 1 ✓* 

M16 


E2218a-d 


07 


TT A 

H4 


M16 


E2219a-d 


07 


H5 


M16 


E2220a-d 


07 


H6 


M16 


E2221a-d 


07 


H7 


M16 


E2222a-d 


07 


TTO 

HS 


TV Jfl 

Mlo 


E2223a-d 


Of 


H9 


TV jTI 

Mlo 


E2224a-d 


OS 


HI 


TV iT"! 

Mlo 


E2225a-d 


OS 


H2 


Mlo 


E2226a-d 


OS 


H3 


M16 


E2227a-d 


OS 


H4 


M16 


E2228a-d 


OS 


H5 


M16 


E2229a-d 


OS 


Ho 


Mlo 


E2230a-d 


OS 


H7 


TV JCt 

M16 


E2231a-d 


OS 


X TO 

HS 


TV yr -1 

M16 


E2232a-d 


OS 


H9 


M16 


E2233a"d 


09 


HI 


M16 


E2234a-a 


09 


H2 


Mlo 


E2235a-d 


09 


H3 


M16 


E2236a-d 


09 


H4 


M16 
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O Group 


H GrTOUp 


M Group 






HZ) 


Mlo 




uy 


Ho 


A >ri ^ 

Mlo 




\jy 


XT'? 

H/ 


Jvllo 


lLz24Ua-a 


r\c\ 


Ho 


Mlo 


Ji;2241a-a 




Hy 


Mlo 


Jif224za-CI 


(JIU 


HI 


Mlo 


JifZ243a-a 




Hz 


Mlo 


ii/ZZ44a-€l 


vJlU 


HJ 


Mlo 


llfZZ45a"Cl 




H4 


A>ri 
Mlo 


JiiZZ4Da-cl 


UlU 


HD 


Mlo 


' JirZZ47a-cl 


UlU 


Ho 


Mlo 


lLZZ4e>a-a 


UlU 


XT'? 

H/ 


Mlo 


jtL2z4va-a 


UlU 


XJO 

Ho 


A /ri 

Mlo 


rLz25Ua-Cl 


UlU 


Hy 


A yf 1 ZT 

Mlo 


Jl/Zz51a-a 


Ul 1 


HI 


A /Tl /C 

Mlo 


ILzz5za-a 


Ul 1 


Hz 


Mlo 


li/Z253a-a 


r\'\ 1 
Ul 1 


XT'!! 

Hi 


Mlo 


lir2234a"€l 


fw 1 
Ul 1 


H4 


Mlo 


Jir2255a-a 


rw 1 
Ul 1 


XJC 

HD 


Mlo 


JL225oa-a 


rM 1 
Ul 1 


Ho 


Mlo 


mLJiZ^ I a-a 


cw 1 
Ul 1 


H/ 


A>ri ^ 
Mlo 


Jli225oa-a 


fw 1 
Ul 1 


Ho 


Mlo 


Ji/ZZDya-u 


r\\ 1 
Ul 1 


XJO 

Hy 


Mlo 


iLZZoUa-a 


Ul/ 


XJ1 

HI 


A /Tl 

Mlo 


JifZZoia-a 


UlZ 


XJO 

HZ 


Mlo 


JL22o2a-a 


Uiz 


XJ-^ 

HJ 


Mlo 


Ji(ZZoJa-a 


Ulz 


XJ/1 

H4 


A yTI 

Mlo 


JliZZo4a"€t 


UIZ 


XJ^ 

HD 


Mlo 


ILZZooa-cl 


UIZ 


XJ/^ 

Ho 


Mlo 






n / 


iVliO 


E2267a-d 




H8 


MI6 


E2268a"d 


012 


H9 


MI6 
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Example 


O Group 


±1 ijroup 


JVL vrTOUp 






XJ.1 


iVllO 


shZZ /ua-ct 


KJiD 


XlZ 


iVllO 


Jif2271a-a 




rij 


MlO 


E2272a-a 


^1 o 
U13 


114 


JVLlo 


XT' ^ „ J 

E2273a-a 


Ui J 




Mlo 


jL2274a-a 


Ul J 


Ho 


Mlo 


lir2275a--a 




±1/ 


iVllO 


Ji»2Z7oa-a 


U i J 


rlo 


iVil D 


JiiZZ77a-a 






iVllO 


E2278a-a 


r\t A 

U14 


111 


A>ri 

Mlo 


E2279a-a 


014 




Mlo 


E22oUa-Cl 


vJ14 




Mlo 


E2281a-a 


Ui4 


114 


Mlo 


EZZoZa-d 






iVilO 


E2Zo3a-u 


vJ14 


xlO 


MlO 


E2Zo4a-a 


L/14 


11/ 


Mlo 


E2285a-a 


Ui4 




Mlo 


E228oa-cl 


U14 


iiy 


Mlo 


E2287a-a 




Ml 


Mlo 


EZZooa-d 




HZ 


Mlo 


Ezzo5ia-a 


vJlD 


Ho 


Mlo 


E22*IUa-Cl 




H4 


Mlo 


E22?:ila-a 


Ul J 




Mlo 


E2292a-a 




Ho 


Mlo 


E2z^i3a-cl 




H/ 


A/f 1 
Mlo 


EZZy4a-a 


Ul J 


Ho 


IVllO 


E2Z75a-a 


Ui J 


Hy 


Mlo 


Ezzyoa-d 


Ulo 


XJ1 

HI 


IVllO 


EzZ!i7a-a 


Ulo 


HZ 


A/TI 
IVLIO 


jifZzyoa*-ci 


Ulo 


H^ 


A/TI 
iVliO 


E2299a-d 


016 


H4 


M16 


E2300a-d 


016 


H5 


M16 
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"V CI TVl "K* 1 

JZ/AdllipiC 


^ vjroup 


rl vrroup 


M Group 






riO 


JVllo 




\J\.\j 


rl/ 


JVllo 






rlo 


Mlo 






riy 


Mlo 




w 1 


rli 


A /f 1 

Ml / 






rlz 


Ml / 






rlJ 


Ml / 






rl^ 


Ml / 






rlD 


Ml / 






rlo 


M17 






rl/ 


M17 






rlo 


A /Tl ^ 

Ml / 




\J\. 


riy 


A /Tl ^ 

M17 






rli 


A /Tl ^ 
Ml / 






HZ 


A>f 1 ^7 
Ml / 






rl3 


Ml / 




vJZ 


rlH- 


Ml / 






rlD 


Ayf 1 ^7 
iVll / 


'P'^IIOo-rl 


wZ 


rlo 


Ml / 




L/Z 


TUT 

±1/ 


Ml / 




kjz 


rlo 


A /f 1 ^ 

Ml / 


rl 

XLrZOZZU-U. 


L^Z 


riy 


A /Tl ^7 
Ml / 


XLZr^x^a-u 




HI 


A /f 1 ^7 
Ml / 


Xij^*5Xf ** <l- Q 




HZ 


A /Tl ^7 
Ml / 






rlJ 


A yri ^7 
Ml / 


xLZ^zoa-ci 


kJd 


114 


Ml? 


jLiJLjA 1 a-u 




TTC 

H5 


A >ri ^7 

M17 


jiiZo^oa-u 


Dd 


rlo 


M17 






XT'? 

rl/ 


Ml / 


E2330a-d 


03 




Ml 7 


E2331a-d 


03 


H9 


M17 


E2332a-d 


04 


HI 


M17 
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Example j O Group 


H Group 


M Group 


E2333a-d 


04 


H2 


M17 


E2334a-d 


04 


H3 


M17 


E2335a-d 


04 


H4 


M17 


E2336a-d 


04 


H5 


Ml 7 


E2337a-d 


04 


H6 


M17 


E2338a-d 


04 


H7 


M17 


E2339a-d 


04 


H8 


M17 


E2340a-d 


04 


H9 


M17 


E2341a-d 


05 


HI 


M17 


E2342a-d 


05 


H2 


Ml 7 


E2343a-d 


05 


H3 


M17 


E2344a-d 


05 


H4 


M17 


E2345a-d 


05 


H5 


M17 


E2346a-d 


05 


H6 


M17 


E2347a-d 


05 


H7 


M17 


E2348a-d 


05 


H8 


M17 


E2349a-d 


05 


H9 


M17 


E2350a-d 


06 


HI 


M17 


E2351a-d 


06 


H2 


M17 


E2352a-d 


06 


H3 


M17 


E2353a-d 


06 


H4 


M17 


E2354a-d 


06 


H5 


M17 


E2355a-d 


06 


H6 


M17 


E2356a-d 


06 


H7 


M17 


E2357a-d 


06 


H8 


M17 


E2358a-d 


06 


' H9 


M17 


E2359a-d 


07 


HI 


M17 


E2360a-d 


07 


H2 


M17 


E2361a-d 


07 


H3 


M17 


E2362a-d 


07 


H4 


Ml 7 


E2363a-d 


07 


H5 


M17 


E2364a-d 


07 


H6 


M17 
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Example 


O Group 


H Group 


M Group 


£2365a-a 


07 


H7 


M17 


E2366a-d 


07 


HS 


M17 


E2367a-d 


07 


H9 


M17 


E2368a-d 


OS 


HI 


M17 


E2369a-d 


08 


H2 


M17 


E2370a-d 


OS 


H3 


M17 


E2371a-d 


08 


H4 


M17 


E2372a-d 


OS 


H5 


M17 


E2373a-d 


OS 


Ho 


M17 


E2374a-d 


OS 


H7 


M17 


E2375a-d 


OS 


TTO 

HS 


M17 


E2376a-d 


08 


H9 


M17 


E2377a-d 


09 


HI 


M17 


E2378a-d 


09 


H2 


M17 


E2379a-d 


09 


H3 


M17 


E2380a-d 


09 


TT A 

H4 


Ml? 


E2381a-d 


09 


H5 


M17 


E2382a-d 


09 


Ho 


M17 


E2383a-d 


09 


H7 


M17 


E2384a-d 


09 


HS 


M17 


E2385a-d 


09 


H9 


M17 


E2386a-d 


OlO 


HI 


M17 


E2387a-d 


OlO 


H2 


M17 


E2388a-d 


OlO 


H3 


Mil 


E2389a-d 


OlO 


H4 


TV A1 '~I 

Mil 


E2390a-d 


OlO 


H5 


mil 


E2391a-d 


OlO 


H6 


Mil 


E2392a-d 


OlO 


H7 


M17 


E2393a-d 


OlO 


T TO 

HS 


•» r ■% ft 

M17 




OlO 




Ml/ 


E2395a-d 


on 


HI 


M17 


E2396a-d 


on 


H2 


M17 
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Example 


O Group 


H Grroup 


jr ^^^^^ _ 

M Group 


E2397a-d 


Oil 


H3 


TV jr-f « 

Ml 7 


E2398a-a 


oil 


H4 


M17 


JL2399a-a 


^1 1 

oil 


T TC 

H5 


TV Xt '~J 

M17 


E2400a-cl 


oil 


Ho 


TV /Tl 'T 

M17 


E2401a-d 


oil 


H7 


TV /Tl 

M17 


E24U2a-a 


oil 


Ho 


TV jfl O 

M17 


E2403a-d 


oil 


H9 


M17 


E2404a-a 


012 


TT1 

HI 


TV iT"! 

M17 


E2405a-a 


Olz 


H2 


M17 


E2406a-d 


012 


H3 


TV >ri 'Tf 

M17 


E2407a"-d 


012 


T T yl 

H4 


M17 


E2408a-d 


012 


H5 


M17 


E2409a-d 


012 


Ho 


TV O 

M17 


E2410a-d 


012 


H7 


M17 


xri'^ A-i -t J 

E2411a-d 


012 


TTO 

H8 


M17 


£2412a-d 


012 


Hy 


M17 


E2413a-d 


013 


HI 


M17 


'IT''^ A't A^ 

E2414a-d 


013 


H2 


M17 


A-t e ji 

E2415a-d 


013 


H3 


A >ri T 

M17 


E2416a-d 


013 


TT/I 

H4 


A >r"i T 

M17 


E2417a-d 


013 


TTC 

H5 


M17 


E2418a-d 


013 


Ho 


M17 


E2419a-d 


013 


H7 


M17 


E2420a-d 


013 


TTO 

H8 


M17 


E2421a-d 


013 


H9 


M17 


T7^/^ A^^ Ji 

E2422a-d 


014 


TT1 

HI 


M17 


E2423a-d 


014 


TTO 

H2 


M17 


E2424a-d 


014 


TTO 

H3 


M17 


E2425a-a 


014 


H4 


A jTI ^7 

M17 


jirZ4^oa-u 


014 


Mj 


A /Tl O 
Ml / 


E2427a-d 


014 


H6 


M17 


E2428a-d 


014 


H7 


M17 
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Example 


O Group 


H Group 


M Group 


E2429a-d 


014 


T TO 

H8 


Ml 7 


E2430a-d 


014 


H9 


M17 


E2431a-d 


015 


HI 


M17 


E2432a-d 


015 


H2 


M17 


E2433a-d 


015 


H3 


M17 


E2434a-d 


015 


H4 


M17 


E2435a-d 


015 


H5 


M17 


E2436a-d 


015 


Ho 


M17 


E2437a-d 


015 


T 

H7 


M17 


E2438a-d 


015 


H8 


M17 


E2439a-d 


015 


H9 


M17 


E2440a-d 


016 


HI 


M17 


E2441a-d 


016 


H2 


M17 


E2442a-d 


016 


H3 


M17 


E2443a-d 


016 


H4 


M17 


E2444a-d 


016 


H5 


Ml? 


E2445a-d 


016 


H6 


M17 


E2446a-d 


016 


H7 


M17 


E2447a-d 


016 


H8 


M17 


E2448a-d 


016 


H9 


M17 


E2449a-d 


Ol 


T T 1 

HI 


M18 


E2450a-d 


Ol 


H2 


M18 


E2451a-d 


Ol 


H3 


M18 


E2452a-d 


Ol 


H4 


M18 


E2453a-d 


Ol 


H5 


M18 


E2454a-d 


Ol 


H6 


M18 


E2455a-d 


Ol 


H7 


M18 


E2456a-d 


Ol 


H8 


Ml 8 


E2457a-d 


Ol 


H9 


M18 


E2458a-a 


02 


HI 


TV /Tl O 

M18 


E2459a-d 


02 


H2 


M18 


E2460a-d 


02 


H3 


M18 
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Example 


O Group 


H Group 


M Group 


E2461a-d 


02 


H4 


MIS 


E2462a-d 


02 


H5 


Ml 8 


E2463a-d 


02 


H6 


M18 


E2464a-d 


02 


H7 


M18 


E2465a-d 


02 


H8 


M18 


E2466a-d 


02 


H9 


M18 


E2467a-d 


03 


HI 


Ml 8 


E2468a-d 


03 


H2 


Ml 8 


E2469a-d 


03 


H3 


M18 


E2470a-d 


03 


H4 


M18 


E2471a-d 


03 


H5 


M18 


E2472a-d 


03 


H6 


M18 


E2473a-d 


03 


H7 


M18 


E2474a-d 


03 


H8 


M18 


E2475a-d 


03 


H9 


M18 


E2476a-d 


04 


HI 


Ml 8 


E2477a-d 


04 


B2 


M18 


E2478a-d 


04 


H3 


M18 


E2479a-d 


04 


H4 


Ml 8 


E2480a-d 


04 


H5 


Ml 8 


E2481a-d 


04 


H6 


M18 


E2482a-d 


04 


H7 


M18 


E2483a-d 


04 


H8 


M18 


E2484a-d 


04 


H9 


M18 


E2485a-d 


05 


HI 


M18 


E2486a-d 


05 


H2 


Ml 8 


E2487a-d 


05 


H3 


Ml 8 


E2488a-d 


05 


H4 


M18 


E2489a-d 


05 


H5 


Ml 8 




05 


Ho 


MIS 


E2491a-d 


05 


H7 


Ml 8 


E2492a-d 


05 


H8 


M18 
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Example 


O Group 


H Group 


M Group 


Jbi2493a-a 


UD 




JVLio 




Uo 


±11 


Mlo 


E2495a"a 


Uo 


JblZ 


Mio 


E2496a-d 


Oo 


T TO 

H3 


M18 


E2497a-d 


Oo 


TT /I 

H4 


M18 


E2498a-d 


Oo 


H5 


M18 


E2499a-d 


Oo 


Ho 


M18 


£25uua-a 


Uo 


±1/ 


Mio 


E2501a-a 


Uo 


rlo 


Mlo 


E2502a-d 


Uo 


uy 


A iTI O 

Mlo 


E2503a-d 


07 


HI 


M18 


E2504a-d 


07 


T TO 

H2 


A /Tl O 

Ml 8 


E2505a-d 


07 


H3 


A yTI O 

Mlo 


E25U6a-a 


U/ 


TJ/I 


Mlo 


E2507a-a 


U/ 


xj<r 
Hj 


A/TI O 

Mlo 


E25U?ia-a 




Ho 


Mlo 


E2509a-d 


U7 


TT'7 

H7 


A >ri o 
Mlo 


E2510a-d 


07 


TTO 

H8 


A /Ti O 

Ml 8 


E2511a-d 


07 


H9 


A XI O 

M18 


E2512a-d 


08 


HI 


A >ri o 
Mlo 


E2513a-d 


Uo 


H2 


A>ri o 
Mlo 


E2514a-d 


us 


H3 


A /Tl O 

Mlo 


E2515a-d 


Uo 


H4 


A yf 1 O 

Mlo 


E2516a-d 


08 


T 

H5 


A yTI O 

M18 


E2517a-d 


08 


Ho 


M18 


E2518a-d 


08 


H7 


A >ri o 

Ml 8 


E2519a-a 


Uo 


TJO 

Ho 


Mlo 


E252ua-d 


U8 


Tjn 
H9 


M18 


E2521a-a 


uy 


TJ1 

HI 


Mlo 


E2DZ2a-a 


uy 


xiz 


iVllO 


E2523a-d 


09 


H3 


M18 


E2524a-d 


09 


H4 


M18 
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Example 


O Group 


H Group 


M Group 


E2525a-d 


09 


H5 


M18 


E2526a-d 


09 


Try 

H6 


MIS 


E2527a-d 


09 


H7 


TV /T 1 O 

M18 


E2528a-d 


09 


H8 


M18 


E2529a-d 


09 


H9 


M18 


E2530a-d 


OlO 


HI 


M18 


E2531a-d 


OlO 


H2 


Ml 8 


E2532a-d 


OlO 


H3 


MIS 


E2533a-d 


OlO 


H4 


MIS 


E2534a-d 


OlO 


H5 


MIS 


E2535a-d 


OlO 


H6 


MIS 


E2536a-d 


OlO 


H7 


M18 


E2537a-d 


OlO 


H8 


M18 


E2538a-d 


OlO 


H9 


MIS 


E2539a-d 


oil 


HI 


MIS 


E2540a-d 


Oil 


H2 


MIS 


E2541a-d 


oil 


H3 


M18 


E2542a-d 


oil 


H4 


MIS 


E2543a-d 


oil 


H5 


MIS 


E2544a-d 


oil 


H6 


MIS 


E2545a-d 


oil 


H7 


MIS 


E2546a-d 


oil 


H8 


MIS 


E2547a-d 


oil 


H9 


TV /CI O 

MIS 


E2548a-d 


012 


HI 


TV Jft O 

MIS 


E2549a-d 


012 


H2 


M18 


E2550a-d 


012 


H3 


MIS 


E2551a-d 


012 


H4 


MIS 


E2552a-d 


012 


H5 


MIS 


E2553a-d 


012 


H6 


MIS 


E2554a-d 


012 


til 


A yf 1 O 

Mlo 


E2555a-d 


012 


H8 


M18 


E2556a-d 


012 


H9 


Ml 8 
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Example 


O Group 


H Group 


M Group 


E2557a-d 


013 


HI 


M18 


E2558a-d 


013 


H2 


M18 


E2559a-d 


013 


H3 


MIS 


E2560a-d 


013 


H4 


MIS 


E2561a-d 


013 


H5 


MIS 


E2562a-d 


013 


H6 


M18 


E2563a-d 


013 


H7 


MIS 


E2564a-d 


013 


H8 


MIS 


E2565a-d 


013 


H9 


MIS 


E2566a-d 


014 


HI 


MIS 


E2567a-d 


014 


H2 


MIS 


E2568a-d 


014 


H3 


M18 


E2569a-d 


014 


H4 


MIS 


E2570a-d 


014 


H5 


MIS 


E2571a-d 


014 


H6 


MIS 


E2572a-d 


014 


H7 


Ml 8 


E2573a-d 


014 


H8 


MIS 


E2574a"d 


014 


H9 


MIS 


E2575a-d 


015 


HI 


MIS 


E2576a-d 


015 


H2 


MIS 


-a-^/^ am mm mm -m 

E2577a-d 


015 


H3 


MIS 


E2578a-d 


015 


H4 


MIS 


E2579a-d 


015 


H5 


MIS 


E2580a-d 


015 


H6 


MIS 


E2581a-d 


015 


H7 


MIS 


E2582a-d 


015 


H8 


MIS 


E2583a-d 


015 


H9 


MIS 


E2584a-d 


016 


HI 


MIS 


E2585a-d 


016 


H2 


MIS 


lLZ5oDa-a 


Olo 


H3 


M18 


E2587a-d 


016 


H4 


M18 


E2588a-d 


016 


H5 


M18 
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vjTOUp 


±1 oroup 


M Group 




Ulo 


Ho 


Mlo 




Ulo 


XT'? 

H/ 


M18 




Ulo 


Ho 


M18 


E2592a-a 


Ulo 


H9 


MIS 


JL2593a-a 


Ul 


TT1 

HI 


M19 




Ul 


Hz 


M19 


liiZ5!l5a-€l 


Ul 


H3 


TV X A C\ 

M19 




Ul 


TT/I 

H4 


M19 




Ul 


TTC 

H5 


M19 


Jtf25yoa-a 


Ul 


TTZT 

Ho 


M19 


E2599a-a 


Ul 


H7 


M19 


JL2oUUa-Cl 


Ul 


Ho 


M19 


ii(2oUla-ci 


Ul 


Hy 


M19 


IL2oU2a-a 


Uz 


TT1 
Hi 


M19 


Jii2oU3a-a 


Uz 


H2 


M19 


iL2oU4a-a 


Uz 


TTO 

H3 


M19 


Jir2oU5a-a 


Uz 


TT/I 

H4 


M19 


JL2oU6a-a 


Uz 


TTC 

H5 


M19 


lL2oU7a-a 


Uz 


Ho 


A >ri r\ 

M19 


Ji(2DUoa-a 


Uz 


TT'7 
H/ 


M19 


li/2609a-a 


Uz 


TTO 

H8 


M19 


E2610a-a 


U2 


T Tn 

H9 


M19 


Jif2olla-cl 


Ui 


TT1 

HI 


M19 


JL2ol2a-a 


U3 


TTO 

Hz 


Ml9 


ii>2ol3a-a 


U3 


TTO 

H3 


M19 


Jii2Dl4a-cl 


U3 


H4 


M19 


£2615a-a 


U3 


TTC 

H5 


M19 


£2616a-a 


U3 


TT^ 

Ho 


M19 


E2617a-a 


U3 


TT'7 

H7 


M19 






rlO 


A/TI Q 


E2619a-d 


03 


H9 


Ml 9 


£2620a-d 


04 


HI 


M19 
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Example 


O Group 


H Group 


M Group 


E2621a-a 
• 


04 


H2 


M19 


£2622a-a 


r\A 

04 


H3 


M19 


Ji,2o23a-a 


U4 




M19 


Jir2624a-a 


04 


H5 


M19 


E2625a-d 


04 


H6 


M19 


E2626a-a 


04 


H7 


M19 


E2627a-d 


04 


H8 


M19 


E2628a"a 


04 


H9 


M19 


E2o29a-a 


05 


TT1 

HI 


M19 


E2o3Ua-a 


KJD 


H2 


TV >r"i rv 

M19 


E2631a-a 


05 


H3 


M19 


E2632a-d 


05 


TT /I 

H4 


M19 


E2633a-d 


05 


H5 


M19 


E2634a-d 


05 


H6 


M19 


E2635a-d 


05 


T 

H7 


M19 


E2o36a-a 




TTO 

H8 


X >ri f\ 

M19 


Ji/2o37a-Cl 




Hy 


M19 


E2638a-d 


Oo 


TT1 

HI 


TV jTI /\ 

M19 


E2639a-d 


06 


H2 


M19 


E2640a-d 


Oo 


H3 


M19 


E2641a-d 


Oo 


XT A 

H4 


M19 


E2642a-d 


Oo 


H5 


M19 


E2o43a-a 


(Jo 


Ho 


M19 


E2644a-d 


Oo 


H7 


TV >r -1 r\ 

M19 


E2645a-d 


Oo 


TTO 

H8 


M19 


E2646a-d 


06 


H9 


M19 


E2647a-d 


07 


HI 


M19 


E2648a-d 


07 


H2 


M19 


E2o4!la-a 


07 


H3 


TV Jf -1 r\ 

M19 




vJ / 




A>f 1 O 

JVLiy 


E2651a-d 


07 


H5 


M19 


E2652a-d 


07 


H6 


M19 
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Example 


O Group 


TT 

H Group 


M Group 


E2653a-a 


07 


H7 


M19 


E2654a-a 


07 


TTO 

H8 


M19 


E2655a-d 


07 


H9 


M19 


E2656a-d 


08 


HI 


M19 


E2657a-d 


OS 


H2 


M19 


E2658a--d 


OS 


H3 


M19 


E2659a-d 


OS 


H4 


M19 


E266Ua-a 


Oo 


H5 


M19 


E26ola-d 


OS 


Ho 


M19 


E2662a-d 


OS 


TTT 

H7 


M19 


E2663a-d 


OS 


H8 


M19 


E2664a-d 


OS 


H9 


M19 


E2665a-d 


09 


HI 


M19 


E2666a-d 


09 


H2 


TV /Ct 

M19 


E2667a-d 


09 


H3 


M19 


£2668a-d 


09 


H4 


M19 


E2669a-d 


09 


H5 


M19 


E2670a-d 


09 


H6 


M19 


E2671a-d 


09 


H7 


M19 


E2672a-d 


09 


TTO 

H8 


M19 


E2673a-d 


09 


TTr\ 

H9 


M19 


E2674a-d 


OlO 


HI 


M19 


E2675a-d 


OlO 


H2 


M19 


E2676a-d 


OlO 


H3 


M19 


E2677a-d 


OlO 


H4 


M19 


E2678a-d 


OlO 


H5 


M19 


E2679a-d 


OlO 


T Ty^ 

Ho 


M19 


E2680a-d 


OlO 


H7 


M19 


E2681a-d 


OlO 


T TO 

H8 


M19 


C2oo2a-a 


OlO 


T Trv 


M.19 


E2683a-d 


on 


HI 


M19 


E2684a-d 


on 


H2 


M19 
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Example 


O Group 


H Group 


M Group 


E2685a-a 


Oil 


H3 


M19 


E2686a-d 


Oil 


T T >l 

H4 


M19 


E2687a-d 


Oil 


H5 


M19 


E2688a-d 


oil 


H6 


M19 


E2689a-d 


oil 


H7 


M19 


E2690a-d 


oil 


H8 


M19 


E2691a-d 


oil 


H9 


M19 


E2692a-d 


012 


HI 


M19 


E2693a-d 


012 


H2 


M19 


E2694a-d 


012 


H3 


M19 


E2695a-d 


012 


TT >l 

H4 


M19 


E2696a-d 


012 


H5 


M19 


E2697a-d 


012 


Ho 


M19 


E2698a-d 


012 


H7 


M19 


E2699a-d 


012 


H8 


M19 


E2700a-d 


012 


H9 


M19 


E2701a-d 


013 


TT1 

HI 


M19 


E2702a-d 


013 


H2 


TV Jft fx 

M19 


E2703a-d 


013 


H3 


M19 


E2704a-d 


013 


H4 


M19 


E2705a-d 


013 


H5 


Ml9 


E2706a-d 


013 


H6 


M19 


E2707a-d 


013 


H7 


A yf 1 


E2708a-d 


013 


Ho 


M19 


E2709a-d 


013 


H9 


TV >ri 

M19 


E2710a-d 


014 


HI 


M19 


E2711a-d 


014 


H2 


Ml 9 


E2712a-d 


014 


H3 


M19 


E2713a-d 


014 


H4 


TV 1 /"V 

M19 


Jii2714a-a 




r±D 




E2715a-d 


014 


H6 


Ml 9 


E2716a-d 


014 


H7 


M19 
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Example 


O Group 


H Group 


M Group 


E2717a-d 


014 


TTO 

H8 


TV /ft f\ 

M19 


E2718a-a 


014 


H9 


M19 


E2719a-d 


015 


TT1 

HI 


M19 


E2720a-d 


015 


H2 


M19 


E2721a-d 


015 


H3 


M19 


E2722a-d 


015 


H4 


M19 


E2723a-d 


015 


H5 


Ml 9 


E2724a-d 


015 


H6 


M19 


E2725a-d 


015 


H7 


M19 


E2726a-d 


015 


TTO 

H8 


M19 


E2727a-d 


015 


H9 


M19 


E2728a-d 


016 


HI 


M19 


E2729a-d 


016 


H2 


M19 


E2730a-d 


016 


H3 


M19 


E2731a-d 


016 


H4 


M19 


E2732a-d 


016 


H5 


M19 


E2733a-d 


016 


Ho 


M19 


E2734a-d 


016 


H7 


M19 


E2735a-d 


016 


H8 


M19 


E2736a-d 


016 


H9 


M19 


E2737a-d 


Ol 


HI 


M20 


E2738a-d 


Ol 


H2 


M20 


E2739a-"d 


Ol 


H3 


M20 


E2740a-d 


Ol 


T T yf 

H4 


M20 


E2741a-d 


Ol 


H5 


M20 


E2742a-d 


Ol 


H6 


M20 


E2743a-d 


Ol 


H7 


M20 


E2744a-d 


Ol 


H8 


M20 


E2745a-d 


Ol 


H9 


M20 


lli274oa-a 


Uz 


HI 


MzU 


E2747a-d 


02 


H2 


M20 


E2748a-d 


02 


H3 


M20 
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Example 


O Group 


H Group 


M Group 


E2749a-d 


02 


TT A 

H4 


M20 


E2750a-d 


02 


H5 


M20 


E2751a-d 


02 


H6 


M20 


E2752a-d 


02 


H7 


M20 


E2753a-d 


02 


TTO 

H8 


M20 


E2754a-d 


02 


Hy 


M2u 


E2755a-d 


03 


T T 1 

HI 


"\ /TO A 

M20 


E2756a-d 


OS 


H2 


Ti >roA 

M20 


E2757a-d 


03 


H3 


M20 


E2758a-d 


03 


TT/I 

H4 


M20 


E2759a-d 


03 


TT^ 

H5 


M20 


E2760a-d 


03 


Ho 


A /TO A 

M20 


E2761a-d 


03 


H7 


A yfOA 

M20 


E2762a-d 


03 


TTO 

H8 


A >roA 

M20 


E2763a-d 


03 


T Tt'\ 

H9 


M20 


E2764a-d 


04 


T T 1 

HI 


A jTOA 

M20 


E2765a-d 


04 


TTO 

H2 


A yro A 


E2766a-d 


04 


TTO 

H3 


A >roA 


E2767a-d 


04 


TT>1 

H4 


A >roA 

M2U 


E2768a-d 


04 


TT^ 

H5 


A 4*0 A 

M20 


E2769a-d 


04 


Ho 


A yfO A 

M20 


E2770a-d 


04 


H7 


M20 


E2771a-d 


04 


TTO 

H8 


A >roA 

M20 


E2772a-d 


04 


T Tr\ 

H9 


A /TO A 

M20 


E2773a-d 


05 


TT1 

Hi 


A >ro A 

M20 


E2774a-d 


05 


TTO 

H2 


TV iTOA 

M20 


E2775a-d 


05 


H3 


M20 


E2776a-d 


05 


TT A 

H4 


M20 


E2777a-d 


05 


H5 


M20 


JL277oa-cl 


05 


Ho 


TV iTOA 
JVLZU 


E2779a-d 


05 


H7 


M20 


E2780a-d 


05 


H8 


M20 
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Example 


0 Group 


H Group 


M Group 


HrZ/ola-ct 


Ud 


Jbiy 


JV12U 


Jir2782a-cl 


Uo 


XJ1 

±11 


M2U 


JL27o3a-a 


Uo 


112 


A /Ton 


JE2784a-cl 


Do 


HJ 




E2785a-a 


Oo 


114 


A /TO A 

MzO 


E2786a-a 


Uo 


tio 


MzU 


JE2787a-cl 


Uo 


rlo 


A /TO A 

MzU 


lL278oa-cl 


Uo 


rl / 


A yfOA 

iVlZU 


lii27o!;^a-Cl 


Uo 


Ho 


iVlZU 


JifZ7yUa-a 


uo 


JuLy 


iVlZU 


Jif27!lla-a 


U/ 


XJ1 
111 


MzU 


E2792a-cl 


U/ 


XJO 

112 


MzU 


E2793a-a 


U7 


Hi 


TV if OA 

MzU 


E2794a-a 


U/ 


114 


MzU 


E27!^5a-cl 


U/ 


XJ^ 


MZU 


E27v6a-a 


U/ 


XJ^ 

Ho 


MzU 


E27*l7a-cl 


U / 


XJ'7 

H/ 


MzU 


E27il8a-a 


U/ 


XJQ 

Ho 


A /TO A 

MzU 


E2799a-a 


U7 


Hy 


A >ro A 
MZU 


£2800a-cl 


Uo 


TJI 

HI 


MZU 


E28Ula-a 


Uo 


XTO 
HZ 


MZU 


E28U2a-Cl 


Uo 


HJ 


A yfOA 

MZU 


Ji/2oUJa-(l 


Uo 


XXA 


MZU 


E28U4a-a 


Uo 


XJ^ 
HZ) 


MZU 


£28U5a-a 


Uo 


XJ^ 

Ho 


A >fOA 

MZU 


E2806a-d 


Ub 


H/ 


A yfO A 

MzO 


E2807a-a 


U8 


H8 


A >roA 

MzU 


£28U8a-a 


Uo 


XTO 

Hy 


A >fO A 

MZU 


E2809a-a 


uy 


XJ1 

HI 


MZU 


iLZoXua-a 


uy 


xxo 

HZ 


iViZU 


E2811a-d 


09 


H3 


M20 


E2812a-d 


09 


H4 


M20 
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Example 


O Group 


H Group 


M Group 


E2813a-a 


09 


H5 


MzU 


E2814a-d 


09 


Ho 


M20 


E2815a-d 


09 


H7 


M20 


E2816a-d 


09 


TTO 

H8 


M20 


E2817a"d 


09 


H9 


M20 


E2818a-d 


OlO 


XT'! 

HI 


M20 


E2819a-d 


OlO 


T TO 

H2 


M20 


E2820a-d 


OlO 


H3 


M20 


E2821a-d 


OlO 


TTyl 

H4 


M20 


E2822a-d 


OlO 


TTC 

H5 


TV yrorv 

M20 


E2823a-d 


OlO 


TT^ 

Ho 


M20 


E2824a-d 


OlO 


H7 


A /TO A 

M20 


E2825a-d 


OlO 


TTO 

H8 


MzU 


E2826a-d 


OlO 




A /TO A 


E2827a-d 


oil 


TTI 

HI 


A >roA 

M20 


E2828a-d 


Oil 


H2 


M20 


E2829a-d 


oil 


TTO 

H3 


A iTO A 

M20 


E2830a-d 


oil 


H4 


A >roA 
JV12U 


E2831a-d 


oil 


TT^T 

H5 


A A 

M20 


E2832a-d 


oil 


TTzr 

Ho 


A yT'^ A 

M20 


E2833a-d 


oil 


H7 


A >ro A 

M20 . 


E2834a-d 


oil 


H8 


M20 


E2835a-d 


oil 


H9 


A ifOA 

M20 


E2836a-d 


012 


TTI 

HI 


A /TO A 

M20 


E2837a-d 


012 


H2 


JV12U 


E2838a-d 


012 


TTO 

H3 


A >ro A 


E2839a-d 


012 


TTi4 

H4 


A >ro A 

M20 


E2840a-d 


012 


H5 


A iTO A 

M2U 


E2841a-d 


012 


TT^ 

Ho 


A /TO A 

M2U 


Ji,2o42a-a 


L)12 


n / 


iViZU 


E2843a-d 


012 


H8 


M20 


E2844a-d 


012 


H9 


M20 
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Example 


O Group 


TT 

H Group 


M Group 


E2845a-a 


013 


TT1 

HI 


M20 


£2846a-a 


013 


H2 


M20 


E2847a-a 


013 


H3 


M20 


E2848a-a 


013 


H4 


M20 


E2849a-a 


013 


H5 


TV yT'^rv 

M20 


E2850a-a 


013 


Ho 


TV iTorv 

M20 


E2851a-d 


013 


H7 


M20 


E2852a-a 


013 


TTO 

H8 


TV jro/\ 

M20 


E2853a-a 


013 


H9 


TV Ji"0/\ 

M20 


E2854a-a 


014 


TT"f 

HI 


TV 

M20 


E2855a-d 


014 


H2 


M20 


E2856a-d 


014 


H3 


M20 


E2857a-d 


014 


"XT A 

H4 


M20 


E2858a-d 


014 


_ _ 
H5 


TV i\ 

M20 


E2859a-d 


014 


TT/^ 

Ho 


A >ro/\ 

M20 


E2860a-d 


014 


H7 


TV Xf^f\ 

M20 


£28ola"d 


014 


TTO 

Ho 


M20 


E2862a-d 


014 


H9 


TV >ro/\ 

M20 


E2863a-d 


015 


HI 


TV jro/\ 

M20 


E2864a-d 


015 


TTO 

H2 


TV iro/\ 

M20 


E2865a-d 


015 


TTO 

H3 


TV K^f\ 

M20 


E2866a-d 


015 


T'X A 

H4 


M20 


E2867a-d 


015 


TTC 

H5 


TV /TO r\ 

M20 


E2868a-d 


015 


H6 


M20 


E2869a-d 


015 


H7 


M20 


E2870a-d 


015 


H8 


M20 


E2871a-d 


015 


H9 


M20 


E2872a-d 


Olo 


TT1 

HI 


TV /TO A 

M20 


E2873a-d 


Olo 


TT<^ 

H2 


TV >ro/\ 

M20 


Ji»Zo74a-a 


Ulo 


M3 


JV12U 


E2875a-d 


016 


H4 


M20 


E2876a-d 


016 


H5 


M20 
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Example 


O Group 


H Group 


M Group 


E2877a-d 


016 


Ho 


M20 


E2878a-d 


016 


H7 


M20 


E2879a-d 


016 


T TO 

H8 


M20 


E2880a-d 


016 


H9 


M20 


E2881a-d 


Ol 


HI 


M21 


E2882a-d 


Ol 


H2 


M21 


E2883a-d 


Ol 


H3 


M21 


E2884a-d 


Ol 


H4 


M21 


E2885a-d 


Ol 


H5 


M21 


E2886a-d 


Ol 


H6 


M21 


E2887a-d 


Ol 


H7 


M21 


E2888a-d 


Ol 


H8 


M21 


E2889a-d 


Ol 


H9 


M21 


E2890a-d 


02 


HI 


M21 


E2891a-d 


02 


H2 


M21 


E2892a-d 


02 


H3 


M21 


E2893a-d 


02 


H4 


M21 


E2894a-d 


02 


H5 


M21 


E2895a-d 


02 


H6 


M21 


E2896a-d 


02 


H7 


TV jT*^ 1 

M21 


E2897a-d 


02 


TTO 

H8 


M21 


E2898a-d 


02 


H9 


TV /f^ t 

M21 


E2899a-d 


03 


T T 1 

HI 


TV vTO 1 

M21 


E2900a-d 


03 


H2 


M21 


E2901a-d 


03 


H3 


TV iTO 1 

M21 


E2902a-d 


03 


H4 


M21 


E2903a-d 


03 


H5 


M21 


E2904a-d 


03 


H6 


M21 


E2905a-d 


03 


H7 


M21 


E2906a-d 


03 


TTO 

Ho 


A yro 1 
JVlzi 


E2907a-d 


03 


H9 


M21 


E2908a-d 


04 


HI 


M21 
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Example 


O Group 


H Group 


M Group 


E2909a-a 


04 


H2 


M21 


E2910a-d 


04 


H3 


M21 


E2911a-a 


04 


H4 


TV 1 

M21 


E2912a"d 


04 


H5 


M21 


E2913a-d 


04 


Ho 


M21 


E2914a-d 


04 


H7 


M21 


E2915a-d 


04 


H8 


M21 


E2916a-d 


04 


H9 


M21 


E2917a-d 


05 


HI 


M21 


E2918a-d 


05 


H2 


M21 


E2919a-d 


05 


H3 


M21 


E2920a-d 


05 


TT/f 

H4 


M21 


E2921a-d 


05 


H5 


M21 


E2922a-d 


05 


H6 


M21 


E2923a-d 


05 


H7 


M21 


E2924a-d 


OS 


H8 


M21 


E2925a-d 


05 


H9 


M21 


E2926a-d 


Oo 


TT1 

HI 


M21 


E2927a-d 


06 


H2 


M21 


E2928a-d 


06 


H3 


M21 


E2929a-d 


06 


H4 


M21 


E2930a-d 


06 


H5 


M21 


E2931a-d 


Oo 


Ho 


M21 


E2932a-d 


Oo 


TT^ 

H7 


M21 


E2933a-d 


Oo 


TTO 

H8 


M21 


E2934a-d 


06 


H9 


M21 


E2935a-d 


07 


HI 


M21 


E2936a-d 


07 


H2 


M21 


E2937a-d 


07 


H3 


M21 


E2y3oa-a 


yJi 




M21 


E2939a-d 


07 


H5 


M21 


E2940a-d 


07 


H6 


M21 
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Example 


O Grroup 


H Group 


M Group 




d / 


rl/ 


JVlzi 


HiZy'lZa-U. 


KJ I 


xlo 


JVlzi 


JP'JQ/tZ^k A 

jCiZy'iija-ci 


CYl 
\J 1 


■pro 
iiy 


iVlZl 


iriOAAf^ A 




XJ1 

xli 


A /TO 1 

Mzi 


T?10/IC« A 




riz 


A /TO 1 

Mzi 


JifZ!^4oa-a 


Uo 


irii 


A /TO 1 

Mzi 


iifZV4 /a-d 


r^Q 
Uo 


XJ/1 


A yro 1 
Mzi 




vJo 




Mzi 


jtfZy^va-ci 




rlo 


Mzi 


lLZy5Ua-Cl 




XT'? 

rl/ 


A yf0 1 

Mzi 


JifZyDia-ci 


\Jo 


rlo 


Ayf0 1 

Mzi 


JirZydZa-d 


Uo 


riy 


A >ro 1 
Mzi 


ILZy53a-cl 


uy 


Hi 


A yfO 1 

Mzi 


T?'^OC/l« A 

JcjZyD4a-Cl 


uy 


Jtlz 


A /fO 1 

Mzi 


JtLzyD^a-d 


uy 


rlJ 


A /TO 1 


HfZyDoa-d 


uy 
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A/ro 1 
MZi 


TT'^Q^^n A 

iLZyT> /a-u 


uy 


JrlJ 


MZi 


JLZVdoR-d 


uy 


Ho 


Mzi 


lLz5^5ya-d 


uy 


11/ 


A /TO 1 

Mzi 


JirZ7oua-d 


uy 


XJQ 

Ho 


A /TO 1 

Mzi 


iLfZyoia-d 


uy 


XTO 

Hy 


A >ro 1 
M2i 


HfZyoZa-d 


UiU 


XJ1 

Hi 


A /TO 1 

Mzi 


JcvZyooa-d 


UiU 


Hz 


A /TO 1 

Mzi 


ji<Z!io4a-d 


UiU 


HJ 


Mzi 


jiiZ!#oDa-d 


UiU 


XT/1 

H4 


A /TO 1 

Mzi 


iirZ!ioDa-'d 


\J 1 u 


Hj 


A /f O 1 


JLZyo/a-d 


UiU 


Ho 


A /TO 1 

Mzi 


JiiZ!/ooa-d 


UiU 


XT'? 
H/ 


MZi 


JifZ5'0!^a-d 


UiU 


XJQ 
Ho 


MZi 




w 1 u 




iVJLZi 


E2971a-d 


on 


HI 


M21 


E2972a-d 


on 


H2 


M21 
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Example 


O Group 


H Group 


M Group 




Oil 


H3 


M21 


Jir2974a-a 


Oil 


H4 


M21 




oil 


H5 


M21 




1 1 

oil 


Ho 


M21 


JL2y77a-a 


1 1 

oil 


H7 


M21 


lL2y78a-a 


oil 


TTO 

H8 


M21 


lL297ya-a 


oil 


H9 


M21 


lL2yoUa-a 


012 


TT1 

HI 


M21 


£29ola-a 


012 


H2 


M21 


Jir2yo2a-a 


012 


H3 


M21 


JL2yo3a-a 


Olz 


TTyi 

H4 


M21 


E2984a-d 


012 


H5 


M21 


Jir2985a-a 


012 


H6 


M21 


E2986a-d 


012 


H7 


M21 


E2987a-a 


012 


H8 


M21 


E2988a-a 


012 


H9 


M21 


E29o9a-Cl 


Oli 


TTi 

HI 


M21 


E2990a-a 


013 


H2 


M21 


E2991a-a 


013 


TTO 

H3 


M21 


E2992a-a 


013 


TT^ 

H4 


M21 


E2993a-a 


013 


H5 


M21 


E2994a-a 


013 


H6 


M21 


E2995a-a 


013 


H7 


M21 


E299oa-a 


013 


T TO 

H8 


M21 


E2997a-a 


013 


H9 


M21 


E299oa-cl 


014 


HI 


M21 


E2999a-d 


014 


H2 


M21 


E3000a-d 


014 


H3 


M21 


E3U01a-d 


014 


H4 


M21 






riD 


NiZL 


E3003a-d 


014 


H6 


M21 


E3004a-d 


014 


H7 


M21 
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Example 


O Grroup 


H Group 


M Group 


£3u05a-a 


014 


TTO 

H8 


M21 


E3006a-a 


014 


H9 


M21 


E3007a-d 


015 


TT1 

HI 


M21 


E3008a-a 


015 


Hz 


TV /TO 1 

M21 


E3009a-d 


015 


TTO 

H3 


M21 


E3010a-d 


015 


T T /I 

H4 


M21 


E3011a-d 


015 


TT^ 

H5 


M21 


E3012a-d 


015 


Ho 


M21 


E3013a-d 


015 


H7 


Mzl 


E3ul4a-d 


r\'\ c 


TTO 

Ho 


Mzl 


E3015a-d 


015 


H9 


Mzl 


E3016a-d 


Olo 


TTI 

HI 


M21 


E3017a-d 


016 


T TO 

H2 


TV jTO 1 

M21 


E3018a-d 


Olo 


TTO 

H3 


TV /TO 1 

M21 


E3019a-d 


Olo 


T Tyl 

H4 


TV >ro 1 

M21 


E3020a-d 


Olo 


T T^ 

H5 


TV >ro 1 

M21 


E3021a-d 


Olo 


Ho 


TV >ro i 

M21 


E3022a-d 


Olo 


TTT 

H7 


TV >ro 1 

M21 


E3023a-d 


Olo 


TTO 

H8 


TV /TO 1 

M21 


E3024a-d 


Olo 


H9 


TV >ro 1 

M21 


E3025a-d 


Ol 


TT"f 

HI 


TV yfO O 

M22 


E3026a-d 


Ol 


T TO 

H2 


TV >roo 

M22 


E3027a-d 


Ol 


HJ 


TV /TOO 

Mzz 


E3U28a-d 


Ol 


T T/1 

H4 


TV >roo 

M22 


E3u29a-d 


r\'\ 
Ol 


TTC 

H5 


TV >roo 

M22 


E3030a-d 


Ol 


TT^" 

Ho 


TV iTOO 

M22 


E3031a-d 


Ol 


TTT 

H7 


TV >roo 

M22 


E3032a-d 


y^ 1 

Ol 


H8 


M22 


E3033a-d 


Ol 


H9 


M22 


E3Uj4a-a 


Oz 


TT1 
HI 


TV yfOO 

M22 


E3035a-d 


02 


H2 


M22 


E3036a-d 


02 


H3 


M22 
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P VflTTTnl ft 


\J vJiULip 


ri vjroup 


M Group 


E3037a-d 


CD 




JVLZz 






JrlD 


M2z 






rlD 


M22 


XL(0 U *4 U rt- 11 


no 


XT'? 


TV /TO O 

M22 






Jtlo 


M22 




09 


jbiy 


M22 




\Jj 


XJ1 


M22 


Xij *7 v Hr TT ~ tl 






M22 


F^n4Ssi-rl 






M22 


ji/juioa-u. 




TJA 

JhL4 


M22 


F'%nd7a-H 


vjj 




M22 


F'^04R£i-rl 




xlo 


A /TOO 

M22 


F'^OdQfi-rl 
U f <l- Ui 




TU'7 

rl/ 


A /TOO 

M22 


F'^OSOa-fl 

JCli^J V *J V u 




rio 


A /TOO 

JV122 


F'^n^l'i-rl 


\jj 




JV122 


F.^n^7a-H 




xli 


A /TOO 

M2z 


F'^O'^^i-rl 






JV122 


F'^n^da-fl 




xl3 


M22 


F'^n^^d.^ 




±14 


M22 


F'^O'^l^^a-rl 






M22 


F'^0^7a-fl 




rlO 


M22 






TJ'7 
tl/ 


A /TOO 

M22 






xlo 


A /TOO 

iVL22 


Ji/ \J O U <l~ u 




tiy 


M22 






xli 


JVL22 






rlZ 


M22 






tlD 


M22 




o^ 


XT/I 

rl4 


A TOO 

M22 




O^ 




M22 


E3066a-d 


05 


H6 




E3067a-d 


05 


H7 


M22 


E3068a-d 


05 


H8 


M22 
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Example 


O Group 


H Group 


M Group 


E3069a-a 


05 


H9 


M22 


E307ua-a 


(Jo 


HI 


M22 


JL3071a-ci 


Uo 


rlz 


TV /TOO 

M22 


E3u72a-a 


Oo 


H3 


Tl /TOO 

M22 


E3073a-a 


Oo 




M22 


E3074a-d 


Oo 


H5 


M22 


E3075a-d 


Oo 


Ho 


M22 


E3076a-a 


Oo 


H7 


M22 


E3U77a-a 


Oo 


rlo 


M22 


E3078a-a 


Oo 


H9 


M22 


E3079a-a 


07 


TT1 

HI 


M22 


E3080a-d 


07 


H2 


M22 


E3081a-d 


07 


H3 


M22 


E3082a-d 


07 


H4 


M22 


E3083a-d 


07 


T TiC 

H5 


M22 


E3Uo4a-a 


O/ 


Ho 


M22 


E3UoSa-'a 


O/ 


H7 


M22 


E3Uooa-€t 


O/ 


TTO 

Ho 


M22 


E3087a-d 


07 


T Tf\ 

H9 


M22 


E3088a-d 


OS 


TTI 

HI 


M22 


E3089a-d 


08 


TTO 

H2 


M22 


E3090a-d 


08 


T TO 

H3 


M22 


E3u91a-a 


Oo 


. 

H4 


TV /TO'^ 

M22 • 


17' '5 A AH 

E3U92a-d 


Oo 


H5 


TV vT'^O 

M22 


E3u93a-d 


Oo 


Ho 


M22 


E3094a-d 


08 


TTT 

H7 


M22 


E3095a-d 


08 


H8 


M22 


E3096a-d 


08 


TTf\ 

H9 


M22 


TT"^ A AT^ j| 

E3097a-d 


09 


HI 


M22 . 


jif;3uyoa-Q 


no 


JnLZr 


A/TOO 
iVlZZ 


E3099a-d 


09 


H3 


M22 


E3100a-d 


09 


H4 


M22 
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JZ/Xanipic 


O Ghroup 


H Group 


M Group 






tiD 


M22 






rlO 


M22 




no 


rl/ 


A /TOO 






rlo 


M22 




no 


riy 


M22 






rli 


TV /TOO 

M22 


iirc>iu /a-d 




rlZ 


M22 




W i u 




M22 


1T"%inQsi-rl 


nin 




A/TOO 


Ji/«3 X X U 




rlD 


A/TO 7 


jl(;7XXXa~Cl 




Jrlo 




jir<3xxza-*ci 


VJIU 


TJ'7 

rl/ 


JV122 


TP'il 1 1o A 

H/aiioa-u 




Jrlo 


A /TOO 

Mzz 


Jif^ii'ia-u 




TJQ 

riy 


A /TOO 

M22 


xijoxxoa-u 


r^i 1 

w i i 


rll 


JVlZz 


ji/oxxoa-a 


rM 1 


rlZ 


M22 


Hj^xi /a-a 


c\^ 1 

1 i 




M22 


jirjxxoa-a 




rl4 


A /TOO 

M2Z 


jcijxxya-ci 


rM 1 


riD 


JVlzZ 


jL^x^ua-ci 


KJi 1 


Jtlo 


A/TOO 

Mzz 


H/^x^xa-ci 


1 

vJi i 


rl/ 


JV122 


T7"51^'^a rl 


wi i 


rlo 


A /TOO 

JV122 


TT"^1'7'^ci rl 

xLoxZfoa-ci 


Ol 1 


riy 


iVlZZ 


XL/OX^Hha-ll 




rll 


A/TOO 

JVLZZ 


xi/^^xZ'Oa-'Ci 




rlZ 


A /TOO 

JMzZ 


XLoxzoa-u 


vJlZ 


Hi 


M22 


TT'Il'^'Trt rl 

HioXZ/a-a 




rl4 


M22 


Trii'iiio rl 
Jijoxzoa-ci 






M22 


Hioxzva-ci 




rlo 


M22 


E3130a-d 


J. Xrf 


n/ 


A/TO 9 
lYlZZ 


E3131a-d 


012 


H8 


M22 


E3132a-d 


012 


H9 


M22 



150 



wo 2004/029066 



PCT/US2003/030478 



Example 


O Group 


H Group 


TV jt 

M Group 


E3133a-d 


013 


HI 


M22 


E3134a-d 


013 


H2 


M22 


E3135a-d 


013 


H3 


M22 


E3136a-d 


013 


H4 


M22 


E3137a-d 


013 


H5 


M22 


E3138a-d 


013 


H6 


M22 


E3139a-d 


013 


H7 


M22 


E3140a-d 


013 


H8 


M22 


E3141a-d 


013 


H9 


M22 


E3142a"d 


014 


HI 


M22 


E3143a-d 


014 


H2 


M22 


E3144a-d 


014 


H3 


M22 


E3145a-d 


014 


H4 


M22 


E3146a-d 


014 


H5 


M22 


E3147a-d 


014 


H6 


M22 


E3148a-d 


014 


H7 


M22 


E3149a-d 


014 


H8 


M22 


E3150a-d 


014 


T Tf\ 

H9 


M22 


E3151a-d 


y^ -i ^ 
015 


HI 


M22 


E3152a-d 


015 


H2 


M22 


E3153a-d 


015 


H3 


M22 


E3154a-d 


015 


H4 


M22 


E3155a-d 


015 


H5 


M22 


E3156a-d 


015 


H6 


M22 


E3157a-d 


015 


H7 


M22 


E3158a-d 


015 


H8 


M22 


E3159a"d 


015 


H9 


M22 


E3160a-d 


016 


HI 


M22 


E3161a-d 


016 


H2 


M22 


E3162a-a 


Ulo 


H3 


TV /TOO 

M22 


E3163a-d 


016 


H4 


M22 


£3164a-d 


016 


H5 


M22 
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Example 


O Group 


H Group 


M Group 


E3165a-d 


016 


H6 


M22 




Ulo 




M22 


E3167a-d 


016 


H8 


M22 


E3168a-d 


016 


H9 


M22 



3. Synthesis of the Compounds of the Invention 

In another aspect, the invention provides methods for making the compounds of the 
invention. The following schemes depict some exemplary chemistries available for synthesizing 
5 the compoimds of the invention. It will be appreciated, however, that the desired compounds 
may be synthesized using other altemative chemistries known in the art. 

Scheme 1 illustrates the synthesis of oxazolidinones substituted at C-5 with 1,2,3- 
triazolylmethyl derivatives. Isocyanates 14 can react with lithium bromide and glycidyl butyrate 
at elevated temperature to produce oxazolidinone intermediates of type 15 (Gregory et al (1989) 

10 J. MED. CHEM. 32: 1673). Hydrolysis of the resulting butyrate ester of compound 15 produces 
alcohol 17, Alcohol 17 can also be synthesized from carbamates such as the benzyl carbamate 
16. The carbamate nitrogen of compound 16 then is deprotonated, and alkylated with glycidyl 
butyrate to produce (after in situ hydrolysis of the butyl ester) hydroxymethyl derivative 17. 
While liie R enantiomer depicted throughout Scheme 1 generally is the most biologically useful 

15 derivative for antibacterial agents, it is contemplated that compounds derived from either the R 
or the S enantiomer, or any mixture of R and S enantiomers, may be useful in the practice of the 
invention. 

Alcohols 17 can be converted to useful intermediates such as mesylates 18a (by treatment 
with methanesulfonyl chloride and triethylamine in an appropriate solvent) and azide 19 (by 

20 subsequent displacement of the mesylate by sodium azide in DMF). Azide 19 can also be 
produced from tosylate 18b (or a brosylate or nosylate), or an alkyl halide of type 18c (made 
from alcohol 17 via methods known to those skilled in the art). Azide 19 can be heated in the 
presence of substituted acetylenes 20 to produce C-5 substituted 1,2,3-triazolylmethyl 
oxazolidinone derivatives of type 21 and 22. It is to be understood that altemative chemical 

25 conditions could be employed by those skilled in the art to effect this transformation. 

Scheme 1 
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O 



LiBr 

RNCO 



o. 

14 



N O 

5/ 



O 15 II 




I 



NaOMe 



O ° 
O 1)n-BuLi n ivisci „ JJ NaNa. DMF 




X 



"N OBn 2) \ 5/ ^^sN 

16 ^ 17 18aX=OS02CH3 

18b X = OS02(4-Me)Ph 
18c X = CI, Br, I 

O Q 



1 R' = R" I A 

9i 1^ 22 ' 



19 21 ir 22 



N3 



It is understood that unsymmetrical acetylene derivatives can react to produce a mixture 
of regioisomeric cycloaddition products, represented by 21 and 22, and that the reaction 
conditions can be adjusted by processes known to those skilled in the art to produce more 
selectively one regioisomer or the other. For example. Scheme 2 depicts the reaction of mono- 
substituted acetylene 23 with azide 19 to produce two regioisomeric triazoles, 24 and 25. The 
major isomer is most often the anti isomer 24 since tlie reaction leading to this product proceeds 
at a faster rate. Under certain circumstances, the more sterically disfavored syn isomer is also 
formed, but at an appreciably diminished rate. The addition of copper(I)iodide is a useful 
additive for this reaction, and often leads to increased proportions of the major "anti" adduct 24 
(Tomoe, C.W. et al (2002) J. ORG. CHEM. 67: 3057). Increased proportions of the minor 
isomer 25 may be produced by minor modification of the reaction scheme. Azide 19 can react 
with the trimethylsilyl substituted acetylene 26 to produce the anti isomer 27 and the syn isomer 
28. Desilylation with tetrabutylammonium fluoride can produce triazole 24 and 25, with 
increased proportions of 25 obtainable from the more abundant precursor triazole 27. 

Scheme 2 
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An alternate approach toward the synthesis of some of the compounds of the present 
invention is shown in Scheme 3. Aromatic haUde 29, when activated, can react with the anion 
derived from treatment of carbamate 33 with an appropriate base to produce 3-aryl substituted 
oxazoUdinone derivatives 31 via nucleophiUc aromatic substitution. Suitable bases include, for 
example, n-BuLi, LiN(Si(CH3)3)2, and NaH. Carbamate 33 can be synthesized by exposure of 
32 to caxbonyldiimidazole in DMF, followed by in situ silylation of the hydroxymethyl group of 
the initial product with an appropriate silyl chloride. Desilylation of derivatives of type 31 
produces alcohols 17 that can be converted to the targets of the present invention by the 
processes described within the schemes. 



Scheme 3 
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Scheme 4a illustrates the synthesis of some alkynes of type 23 required for the synthesis 
of some of the compounds of the present invention. Secondary alkyl amines (or cycloalkyl 
amines) can be alkylated with electrophiles comprised of an alkyne connected by a variable bond 
or linker to a carbon bearing a leaving group, for example, a halide or sulfonate group (35)^ to 
5 produce alkynes of type 36. The substituted alk3aies can be used in cycloaddition reactions with 
azides to yield triazole-linked target compounds. The amino group undergoing such an 
alkylation can be derived from amino saccharides, for example (but not limited to), the des- 
methyl desosamine derivative 37. Desosamine derivative 37 is available from the degradation of 
erythromycin. Alkylation of 37 with alkjmes 35 produces triazole-linked sugar compoimds of 

10 type 38. The dimethyl amino group of the desosamine sugar of macrolide antibiotics can be 
monodemethylated to produce the corresponding secondary amine (U.S. Patent No. 3,725,385, 
Flynn et ah (1954) J. AM. CHEM. SOC. 76: 3121; Ku et al (1997) BIOORG. MED. CHEM. 
LETT. 7: 1203; Stenmark et ah (2000) J. ORG. CHEM. 65: 3875). For example, amine 39 (an 
intermediate in the synthesis of amino sugar 37), or a suitably protected derivative of 39 such as 

15 the per-silylated compoimd (formed by pre-treatment with bis-trimethylsilylacetamide, 

hexamethyldisilazane or other agents known ia the art) can be alkylated with alkynes of type 35. 
This alkjdation reaction produces intermediates of type 40, that can react with azides of type 19 
to yield target compounds. 

An alternative route is available for the production of desosamine derivatives 38. 
20 Alkynes 40 can be hydrolyzed with strong acid to produce amines 38. It is understood that, 
given appropriate reaction conditions known to those skilled in the art, any macrolide 
antibacterial agent (naturally occurring, semi-synthetic or synthesized) is capable of serving as 
starting material for the processes depicted in Scheme 4a. 

Scheme 4a 

25 
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Scheme 4b illustrates the synthesis of compounds of the present invention that contain 
extra keto groups in the alkyl link between the 5-membered heterocyclic ring and the macrolide 
moiety. Azides 19 can react with propiolate esters to produce the ester-substituted products. (It 
5 is to be understood that mixtures of regioisomeric cycloadducts may form in this reaction, 

however, only the anti adduct is depicted in Scheme 4b.) Hj^drolysis of the ester ^delds the acid, 
which can be converted using known chemistry (Ramtohul et aL (2000) J. ORG. CHEM. 67: 
3169) to the bromoacetyl triazole. Heating this bromoacetyl derivative with 39 (or a suitably 
protected version of 39) can yield products that contain a keto link with one methylene group 
1 0 between the ketone and the macrolide group. The bromoacetyl intermediate can be converted 
via lithio-dithiane chemistry, subsequent hydrolysis, and reduction to an alcohol. The tosylate 
(or halide) of this alcohol can be made, and this electrophile can be used to alkylate 39 to give 
products with two methylene groups between the ketone and the macrolide group. 
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Scheme 5 illustrates another method to synthesize regioisomeric triazole-liiiked 
derivatives of the invention. Carbon-linked triazole derivatives of type 44 and 45 can be 
produced by first displacing a leaving group (for example, a sulfonate or a haUde) from 
electrophiles ISa-c, with either lithium acetylide 41a or lithium trimethylsilylacetylide 41b to 
produce alkynes 42. The cycloaddition reaction of alkynes 42 with appropriate azides 43 can 
yield regioisomeric triazoles 44 and 45. (It will be understood that altemative chemical 
conditions could be employed to produce compoimds 44 and 45 such as the use of 
copper(I)iodide instead of heat). 
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A specific example of the utility of the chemistry expressed in Scheme 5 is shown in 
Scheme 6. Des-methyl erythromycin derivative 39 (or a suitably protected derivative thereof) 
can be alkylated with a bromoalcohol, and the alcohol function of the product converted to a 
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leaving group such as a tosylate. The tosylate can be displaced with sodium azide to yield azide 
46. Cycloadditon of 46 aad alkyne 42a can produce final targets of type 47. Alternative 
alkylsulfonates or halides can be used as the starting material for the synthesis of azide 46 (i.e., 
different leaving groups). Other macrolide entities can be used in place of the des-methyl 
5 erythromycin derivative 39 to produce a variety of alternative products. 



Scheme 6 




Another method that can be used to synthesize carbon-linked triazole derivatives of type 
47 is illustrated in Scheme 7. Alkyne 42a can react with trimethylsilylazide (or with sodium 

10 azide, ammoniimi chloride and copper(I)iodide, or other conditions known in the art) to produce 
two possible regioisomeric products, triazoles 48 and 49. Either of these (or the mixture) can be 
desilylated with n-Bu4NF to produce triazole 50. Des-methyl er5^hromycin derivative 39 (or an 
alternate des-methyl amino macrolide derivative) can be converted to tosylate 51 (or another 
sulfonate or halide electrophile), and then the electrophile can serve to alkylate triazole 50 to 

15 produce either the N-1 substituted triazole 47, or the N-2 substituted triazole 53, or a mixture of 
both. In the event that a mixture is produced, both compounds may be separated from one 
another. It is contemplated that other macrolides may be transformed by the chemistry of 
Scheme 7 to produce other compounds of interest. 



Scheme 7 
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Scheme 8a illustrates the synthesis of oxazolidinones substituted at C-5 with 
tetrazolylmethyl derivatives. Azides of type 19 can react with nitriles 54 to produce tetrazoles of 
type 55 and 56. In a similar fashion to the chemistry described in Scheme 1^ this reaction can 
yield regioisomeric cycloadducts, where the anti isomer often predominates. As an example, 
des-methyl er5dhromycin 39 can be alkylated with co-halo or o-sulfonate nitriles to yield nitriles 
57. These derivatives can react with azides of type 19 to produce target tetrazoles of type 59 and 
60. It is to be understood that the R' group of nitriles 54 may contain the macrolide moiety, or 
suitable substituted alkyl groups containing an alcohol or protected alcohol that could be 
converted to a leaving group prior to a final alkylation step with a macrolide amine. Thus, the 
tetrazoles 55 and 56 could be produced that have as their R' groups alkyl chains bearing a 
hydroxy group that can be converted into a sulfonate or halide leaving group prior to alkylation 
with amines similar to 39 to afford products of type 59 and 60. The hydroxy group may be 
xmmasked jSrom a protected hydroxyl group in the compoxmds 55 and 56 prior to further 
conversions as mentioned above to afford targets of type 59 and 60. 
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1 

Scheme 8b depicts another strategy to synthesize tetrazoles of type 59 and 60. Azides 19 
could undergo cycloaddition to functionalized nitriles of type 57a to afford tetrazole 
5 intermediates 55a and 56a. If 55a aad 56a contain an appropriate electrophiUc group such as a 
halide or sulfonate, it can react directly with macrolide amines of type 39 (or a suitably protected 
derivative thereof) to yield targets of type 59 and 60. Altematively, silyloxy-substituted nitriles 
57a could be used during the cycloaddition reaction to afford intermediates of type 55a and 56a 
where X is a silyloxy group. The silylether protecting group could then be removed from 55a 
10 and 56a, and the resultant alcohol converted to an appropriate electrophile (such as a halide or 
sulfonate) that would then be suitable for alkylation of macrolide amines of type 39 to give the 
desired targets. 
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Scheme 8b 
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It will be imderstood that if the alkyl group bearing substituent X in 55a and 56a contains 
a hydroxyl group, the group could be oxidized to an aldehyde by methods well known to those 
skilled in the art. Such aldehydes could be used to produce targets of type 59 and 60 via the use 
of reductive amination conditions employed on these aldehydes and macrolide amines similar to 
amine 39 (or suitably protected variants thereof). 

Scheme 9 illustrates one method of synthesizing pyrazole derivatives of the present 
invention. Known trityl-protected organolithixmi derivative 61 (Elguero et al. (1997) 
SYNTHESIS 563) can be alkylated with electrophiles of type 18a-c to produce pyrazoles of type 
62. Cleavage of tlie trityl group can be accomplished using a variety of acidic reagents, for 
example, trifluoroacetic acid (TFA), to produce pyrazole 63. Alkylation of 63 with a 
bromoalcohol of appropriate length, followed by tosylation (or altemate sulfonation or halide 
formation) can produce electrophiles 64. Alkylation of 39 with 64 produces targets of type 65. 
The lithium anions derived from heterocycles such as 61 may optionally be converted to copper 
(or other metallic) derivatives to facilitate their displacement reactions with sulfonates and 
halides. These anions may also be allowed to react with suitably protected macrolides, such as 
the per-silylated derivative of 51. 

Scheme 9 
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Scheme 10 depicts another method of synthesizmg pjrazoles of the present invention. 
Anions 61 can be alkylated with a bifimctional linker of variable length such as an alkyl halide 
containing a silyloxy derivative. Alternatively an a,(0 dihaloaUcyl derivative can be used as the 
5 alkylating agent, or a mixed halo-sulfonate can be employed for this purpose. The resulting 
substituted pyrazoles 66 can be converted to the free pyrazoles by TFA cleavage of the 
triphenylmethyl protecting group. The free pyrazoles can undergo direct alkylation with 
electrophiles 18a-c in a suitable solvent, for example, dimethylformamide, or can be first 
converted via deprotonation with a suitable base, for example, sodixmi hydride or n-butyllithixnn, 
10 to the corresponding anion, if a more reactive nucleophile is required. The resultant pyrazole 
derivatives 67 can be desilylated and converted to tosylates 68 (if a sulfonate strategy is 
employed), which can serve as electrophiles for subsequent reaction with macrolide 
aminosaccharides, for example, amine 39, to produce the resultant target 69. 

Another approach to intermediates of type 67 can start with alkylation of the known 
15 dianion 70 (Hahn et al (1991) J. HETEROCYCLIC CHEMISTRY 28: 1 189) with an 
appropriate bifunctional linker to produce compounds related to pyrazole 71, which can 
subsequently be alkylated (wilii or without prior deprotonation) with electrophiles 18a-c to 
produce intermediates 67. The n = 1 derivatives in this series can be synthesized by trapment of 
compoimd 61 with DMF to produce the corresponding aldehyde, and then reduction to the 
20 alcohol. Altematively, methoxymethyl (MOM) chloride or bromide can serve as the alkylating 
reagent for 61, and hydrolysis of the trityl and MOM groups of the product would yield 4- 
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hydroxymethyl-l52-pyrazole. The dianion of this pyrazole can be alkylated on nitrogen to 
produce an alcohol that serves as the precursor for a n = 1 tosylate (or other leaving group). 



Scheme 10 




70 71 



5 Scheme 1 1 shows an alternate approach for synthesizing pyrazole derivatives of type 69. 

Alkylation of the anion of a P-dicarbonyl system with appropriate electrophiles similar to 
tosylate 51 can yield (in the specific example of P-dicarbonyl derivative 72a) products of type 
73. Treatment of these intermediates with hydrazine can produce pyrazoles of type 74. Direct 
alkylation of 74 with electrophiles 18a-c can proceed to produce targets 69. Alternatively, the 

10 hydroxyl residues of 74 (and other sensitive functional groups of other macrolide derivatives 

such as intermediates 39 and 51) can be protected with suitable protecting groups (such as those 
highlighted in Greene, T.W. and Wuts, P.G.M. suprd)^ and the hydrogen atom on the nitrogen 
atom of the pyrazole derivative deprotonated with a suitable base, for example, sodium hydride 
or n-butyllithium. The resultiag anion can then be alkylated with electrophiles 18a-c, and the 

1 5 resulting product deprotected to produce targets 69. The use of protecting groups well known to 
those skilled in the art for the macrolide portions of these intermediates may be required for 
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many of the subsequent reactions shown in the schemes below that involve heteroaryl anion 
alkylations. 



Scheme 1 1 



CHO 




Scheme 12 exemplifies a synthesis of imidazoles of the present invention. The known 
dianion 75 (Katritzky et al (1989) J. CHEM. SOC. PERKIN TRANS. 1: 1 139) can react with 
electrophiles 18a-c to produce after protic work-up imidazoles of type 76. Direct alkylation of 
76 by heating with electrophiles related to 51 in an appropriate organic solvent can yield 1,4- 
disubstituted imidazoles 77. Alternatively, the imidazole anion fomied via deprotonation of the 
imidazole hydrogen atom of 76 with a suitable base and then alkylation with 51 can also produce 
77. 
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Scheme 12 




Scheme 13 illustrates another synthesis of imidazoles of the present invention. 4- 
Bromoimidazole can be deprotonated using, for example, sodium hydride or lithium 
5 diisopropylamide, or another suitable organic base, to give anion 78 (or the corresponding lithio 
derivative). Alkylation of 78 with 18a-c can yield bromoimidazole 79 which can then be 
subjected to metal-halogen exchange and alkylated with 51 (or a suitably protected derivative of 
51) to produce isomeric 1,4-disubstituted imidazoles 80. 



Scheme 13 



10 




Scheme 14 depicts chemistry suitable for the synthesis of other target imidazole 
derivatives. The silylethoxymethyl (SEM) protected imidazole can be lithiated at C-2 (Shapiro 
etal (1995) HETEROCYCLES 41: 215) and can react with electrophiles 18a-c to produce 
imidazole intermediates 82. Lithiation of imidazole intermediates 82 at C-4 of the imidazole, 
15 followed by alkylation with electrophiles of type 51 (or a suitably protected version such as the 
per-silylated derivative), and then deprotection of the SEM can produce imidazoles 83. 
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Scheme 14 




Scheme 15 shows how tosylmelhyl isocyanide can be used to make imidazoles of the 
present invention (Vanelle et al (2000) EUR. J. MED. CHEM. 35: 157; Home et ah (1994) 
5 HETEROCYCLES 39: 139). Alcohols 17 can be oxidized to produce aldehydes 85 using an 
appropriate agent such as the Dess-Martin periodinane, or oxalyl chloride/dimethylsulfoxide/ 
triethylamine (Swem oxidation). A variety of chromiimi complexes can also be used for this 
oxidation, including, for example, pyridiniimi dichromate (PDC), pyridinium chlorochromate 
(PCC), chromium trioxide, and tetrapropylammonium perruthenate. Wittig homologation of 85 
10 can provide aldehyde 86, which can then be converted by tosylmethyl isocyanide to produce 
intermediate 87. The reaction of 87 with amines 89 (formed via alkylation of amines 39 with 
bromoalkyl phthalimides 88 followed by hydrazine cleavage^ or reduction of azides 46) can 
produce imidazoles 77. 
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Scheme 16 delineates how 1,3 fhiazole and 1,3 oxazole derivatives of the present 
invention can be synthesized. KnoAvn dibromo thiazoles and oxazoles 90a and 90b can be 
selectively metallated at C-2 and alkylated with electrophiles 18a-c to produce intermediates 91a 
and 91b (Pinkerton et al. (1972) J. HETEROCYCLIC CHEMISTRY 9: 67). Transmetallation 
with zinc chloride can be employed in the case of the oxazole anion if the anion displays any 
tendency to ring open prior to its reaction with certain electrophiles. The bromo azoles 91 can be 
metallated to form the corresponding anion which can undergo alkylation with sulfonates 51 (or 
the related halides) to produce the final targets 92. Reordering of the sequence of electrophiles 
in this process permits access to the isomeric thiazoles and oxazoles 93. 
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Scheme 16 




Scheme 17 shows the synthesis of 2,5 disubstituted furan and thiophene derivatives of the 
invention. Commercially available dibromofuran 94a and dibromothiophene 94b can be 
5 monolitliiated (Cherioux et al (2001) ADVANCED FUNCTIONAL MATERIALS 1 1 : 305) and 
alkylated with electrophiles 18a-c. The monobromo intermediates obtained from this reaction 
can be lithiated again and then alkylated with electrophiles of type 51 (or a protected version of 
51) to produce the final targets 95. 

Scheme 17 



10 




Scheme 18 depicts the synthesis of 2,4 disubstituted furan and thiophene derivatives of 
the invention. Commercially available furan aldehyde 96a, and the known thiophene aldehyde 
96b, can be reduced to the corresponding alcohols and the resulting alcohols converted to a 
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leaving group such as tosylates 97. Alternate sulfonates and halides can be synthesized and used 
in this fashion. The tosylates 97 can alkylate amine 39 (or a protected version thereof), and the 
heteroaryl bromide can be converted to a suitable organometallic agent (by reagents such as n- 
BuLi, or i-Pr2Mg/CuCN). This intermediate organometallic agent can be alkylated v^th 
electrophiles 18a-c to produce targets of type 98 where n = 1. As the scheme shows, a 
reordering of steps can be employed involving reduction, silylation, lithiation and then initial 
alkylation v^ith 18a-c. Desilylation of the alkylation product, followed by tosylation of the 
alcohol, provides an intermediate that can then be alkylated with amine 39 to produce targets 98. 
Simple homologation protocols, using the reagents depicted in Scheme 18 or others known to 
those skilled in the art, can convert the aldehydes 96 to longer chain tosylates such as 99 and 
100. The use of these tosylates in the alkylation with 39, and subsequent metal-halogen 
exchange and alkylation with 18a-c, can yield compounds of type 98 where n = 2 and 3. It will 
be appreciated that longer chain tosylates can be produced using chemistries similar to that 
depicted in Scheme 1 8, and that other bifunctional linkers can be used to produce compounds of 
type 98. 
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Chemistries similar to that employed above in Scheme 18 can convert known thiophene 
aldehyde 101 (Eras et al (1984) J. HETEROCYCLIC CHEMISTRY 21 : 215) to produce 
products of type 104 (Scheme 19). The known acid 102 (Wang et al (1996) TETRAHEDRON 
52: 12137) can be converted to aldehyde 103 by reduction with, for example, borane or lithixmi 
aluminum hydride, followed by oxidation of the resultant hydroxymethyl intermediate with, for 
example, PDC, PCC, or another suitable reagent. Aldehyde 103 can then be converted to 
produce compounds of type 104. 

Scheme 19 




102 103 

Scheme 20 illustrates the synthesis of 2,5 disubstituted pyrroles of the invention. The 
BOC-protected dibromopyrrole 105 can be lithiated and alkylated sequentially (Chen et ah 
(1987) TETRAHEDRON LETT. 28: 6025; Chen etal (1992) ORG. SYNTH. 70: 151; and 
Martina et al (1991) SYNTHESIS 613), and allowed to react with electrophiles 18a-c and 51 (or 
a suitably protected analogue of 51) to produce, after final BOC deprotection with TFA, 
disubstituted pyrroles of type 106. 

Scheme 20 
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Scheme 21 shows the synthesis of 2,4 disubstituted pyrroles of the invention. 
Commercially available pyrrole ester 107 can be protected with a suitable protecting group, for 
example, the BOC group, and the ester function hydrolyzed to the corresponding acid. The 
5 resulting acid can then be reduced to the alcohol using, for example, borane to yield an alcohol 
that can be conveited to tosylate 108. Amine 39 (or a suitably protected version of 39, formed 
for example by silylation of the hydroxyl groups with bis-trimethylsilylacetamide or another 
silylating reagent) can be alkylated with tosylate 108 to produce an intermediate bromopjorole. 
The bromopyrrole can then be converted to an organometallic reagent that can then react with 
10 electrophiles 18a-c. The resulting product can then be deprotected with TFA to produce pyrroles 
109. The alcohol fomied after borane reduction of the acid derived from 107 can then bp 
homologated to tosylates 110 and 111 by chemistries similar to that shown below in Scheme 23. 
The use of these tosylates in the alkylation strategy can produce target pyrroles of type 109 
where n = 2 and 3. 

1 5 An alternative approach is to protect the alcohol functions prior to tosylation, and 

perform the alkylation of the organometallic derived from the halopyrrole with 18a-c first. For 
example, silyloxy derivative 112 can be produced from 107, and the organometallic derivative 
derived from it alkylated with 18a-c to yield silyl ethers 113. Subsequent desilylation and 
conversion to tosylates 114 provides an electrophile that can be used in the alkylation reaction 

20 with 39. A final BOC cleavage can then give pyrroles 109. It is understood that the alcohol 

precursor of 112 can be homologated, using chemistries similar to that shown below in Scheme 
23 and other schemes) to other alkanols that can be tosylated for further reactions with amine 39 
(or related macrolide derived amines). Furthermore, the alcohol derived from silyl cleavage of 
113 can serve as the starting material for this type of homologation efforts to produce the alkyl 

25 tosylates (or halides) required for making targets 109 where n is variable. 
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Scheme 22 shows the synthesis of isomeric 2,4 disubstituted pyrroles of the invention. 
Commercially available pyrrole acid 115 can be protected as the BOC derivative, and the acid 
function reduced to an alcohol, which can then be protected to produce the silyl ether 116. 
Deprotonation of 116 with n-butyllithium can occur at the 5 position of the pyrrole ring, and this 
anion (or that derived from transmetallation with an appropriate metal) can be alkylated with 
electrophiles 18a-c to produce pyrrole 117. Desilylation of 117, followed by tosylation, 
alkylation with amine 39, and TFA deprotection of the BOC group can yield pyrroles 119. 



10 Scheme 22 
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Scheme 23 illustrates the synthesis of longer chain tosylates of type 123 and 126 used to 
alkylate amines of type 39 to produce pyrroles 119. The alcohol 120 derived from protection of 
115 followed by borane reduction can be oxidized to aldehyde 124. The Wittig reaction of 
aldehyde 124 with methoxymethyl triphenylphosphorane is followed by an acid hydrolysis step 
to produce the homologated aldehyde 121. Reduction and silyl protection can yield 122, which 
can then be deprotonated, alkylated and then converted to tosylate 123. Aldehyde 124 can 
undergo a Wittig reaction with carbomethoxymethyl triphenylphosphorane. The Wittig product 
then is reduced to an alkanol that can then be silylated to produce 125. Conversion of 125 to 
pyrroles 119 can then occur using the same chemistry employed to provide 119 from 122. 
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Scheme 24 shows the synthesis of 1,3 disubstituted pyrroles of the present invention. 
The BOC group of 116 can be cleaved to produce free pyrrole 127. Alkylation of 127 (in a 
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suitable organic solvent such as DMF) with 18a-c can produce intermediate 128. The dianion of 
3-hydroxymethylpyrrole can also be suitable for alkylation with 18a-c to produce the free 
hydroxy derivative of silyl ether 128. Conversion of the siloxy group to the corresponding 
tosylate, followed by alkylation with amines of type 39 can generate the target N-substituted 
5 pyrroles 129 (where n = 1). In a similar fashion, the BOC pyrroles 122 and 125 can be converted 
to the tosylates 130 and 131. These tosylates can be used to produce pyrroles of type 129 (where 
n - 2 and 3). It is imderstood that longer chain alkyl tosylates (and haUdes) can be produced that 
can undergo this chemistry to produce pyrroles 129 where n is > 3. 



Scheme 24 




10 131 

Scheme 25 illustrates the use of hydantoin-like groups as the 5-membered heterocyclic 
linker between the G groups and the Ri moieties of the present invention. Electrophiles of type 
18a-c can alkylate anions derived from hydantoins to produce compoimds of the present 
invention. For example, 3-substituted hydantoins of type 132 can be purchased and treated with 

15 an appropriate base to generate the corresponding imide anion. The resulting anions can be 

alkylated with electrophiles similar (but not limited) to intermediates 18a-c to produce hydantoin 
derivatives 134. Alternatively, 1 -substituted hydantoins of type 133 can be purchased or 
prepared, and treated with base and electrophile to yield isomeric hydantoin derivatives 135. It 
is understood that such hydantoins can have, for example, at optional locations, thiocarbonyl 

20 fimctionalities in place of the illustrated carbonyl groups. Such compoimds can be prepared by 
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treatment of the oxy-hydantoins with Lawesson's reagent, elemental sulfur, phosphorus 
pentasulfide, and other reagents commonly used in the art to perform this transformation. 

Alternatively, such thiohydantoins can be synthesized selectively by sequential synthetic 
steps known in the art. The R' group of 132 and 133 may represent a protecting group function, 
5 for example, benzyl, alkoxybenzyl, benzyloxycarbonyl, t-butoxycarbonyl, that is compatible 
with the alkylation step. Such a protecting group can subsequently be removed from products 
134 and 135, yielding products where the R' group is a hydrogen atom. These intermediates can 
be used to produce various target molecules by their treatment with base and then subsequent 
exposure to appropriate electrophiles. 

10 Scheme 25 



A more specific example of the synthesis of hydantoin derivatives of the present 
invention is depicted in Scheme 26. Hydantoin 136 can be treated with a mild organic base, for 
example, sodium hydride, potassium tertiary-butoxide, cesium, sodium, or potassium carbonate, 
1 5 to produce the N-1 substituted intermediate 137. Deprotonation of 137 with a base, for example, 
sodium hydride, n-butyllithium, lithium bis-trunethylsilylamide or lithium diisopropylamide, 
followed by alkylation with 51 (or a suitably protected derivative of 51) can yield hydantoin 
targets of type 138. The isomeric hydantoin derivatives of type 141 can be synthesized from 136 
by initial p-methoxybenzyl (PMB) protection of the N-1 position, followed by alkylation atN-3 
20 with 18a-c and subsequent deprotection of the PMB group with either 2,3-dichloro-3,4-dicyano- 
benzoquinone (DDQ) or hydrogenation will yield hydantoin intermediates 140. Subsequent 
alkylation of 140 with 51 can give compounds 141. Another route to produce intermediates 140 
is by formation of the dianion of hydantoin 136. One equivalent of a weak base can deprotonate 
the N-1 position of 136. The addition of another equivalent of a strong base, for example, n- 
25 butyllithium, to the initial anion can deprotonate it again, this time at N-3 . Alkylation can occur 
at the more reactive position (N-3) to again produce hydantoins 140. 
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Scheme 27 illustrates how isoxazolidinone derivatives of type 515 of the present 
invention can be synthesized. Macrolide 171 (or any other macrolide amine) can be converted to 
5 alkyl azide 510 (where n > 2) via use of an appropriate alkyl halide or sulfonate electrophile of 
type 511. A variety of isoxazolidinone derivatives of type 512 (for syntheses of these types of 
derivatives see US Patent Application 20020094984) can be alkylated with propargyl 
electrophiles of type 513 to yield alkynes of type 514. The cycloaddition of azides 510 and 
alkynes 514 yields target isoxazolidinone derivatives 515. It is to be understood that alternative 
10 macrolides and isoxazolidinone derivatives can be used in this chemistry, and alternate chain 
lengths of the various electophiles caa be utilized to produce other compounds of the present 
invention. It is intended that such alternate targets are within the scope of the present invention. 
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In addition to the foregoing, compounds disclosed in the following publications, patents 
and patent applications are suitable intermediates for preparation of the compounds of this 
5 invention: 

Tucker, J.A. etaL, J. Med. Chem., 1998, 41, 3727; Gregory, W.A. etal, J. Med. Chem., 
1990, 33, 2569; Genin, M.J. et al, J. Med. Chem., 1998, 41, 5144; Brickner, S.J. et ah, J. Med. 
Chem., 1996, 39, 673. Barbachyn, M.R. et al., J. Med. Chem., 1996, 39, 680; Barbachyn, M.R. et 
al., Bioorg. Med. Chem. Lett., 1996, 6, 1003; Barbachyn, M.R. etal., Bioorg. Med. Chem. Lett., 

10 1996, 6, 1009; Grega, K.C. et al, J. Org. Chem., 1995, 60, 5255; Park, C.-H. et al, J. Med. 

Chem., 1992, 35, 1 156; Yu, D. et al, Bioorg. Med. Chem. Lett., 2002, 12, 857; Weidner- Wells, 
M.A. et al, Bioorg. Med. Chem., 2002, 10, 2345; and Cacchi, S. et al. Org. Lett., 2001, 3, 2539. 
U.S. Pat. Nos. 4,801,600; 4,948, 801; 5,736,545; 6,362,189; 5,523,403; 4,461,773; 6,365,751; 
6,124,334; 6,239,152; 5,981,528; 6,194,441; 6,147,197; 6,034,069; 4,990,602; 6,124,269; and 

15 6,271,383. U.S. Pat. Application 2001/0046992, PCX Application and publications 

WO96/15130; W095/14684; WO 99/28317; WO 98/01447; WO 98/01446; WO 97/31917; WO 
97/27188; WO 97/10223; WO 97/09328; WO 01/46164; WO 01/09107; WO 00/73301; WO 
00/21960; WO 01/81350; WO 97/30995; WO 99/10342; WO 99/10343; WO 99/64416; WO 
00/232917; and WO 99/64417, European Patents EP 0312000 Bl; EP 0359418 Al; EP 

20 00345627; EP 1 132392; and EP 0738726 Al. 

4. Characterization of Compounds of the Invention 

Compounds designed, selected and/or optiroized by methods described above, once 
produced, may be characterized using a variety of assays known to those skilled in the art to 



177 



wo 2004/029066 PCT/US2003/030478 

determine whether the compoimds have biological activity. For example, the molecules may be 
characterized by conventional assays, including but not limited to those assays described below, 
to determine whether they have a predicted activity, binding activity and/or binding specificity. 

Furthermore, high-throughput screening may be used to speed up analysis using such 
assays. As a result, it may be possible to rapidly screen the molecules described herein for 
activity, for example, as anti-cancer, anti-bacterial, anti-fungal, anti-parasitic or anti-viral agents. 
Also, it may be possible to assay how the compoimds interact with a ribosome or ribosomal 
subunit and/or are effective as modulators (for example, inhibitors) of protein synthesis using 
tecliniques known in the art. General methodologies for performing high-throughput screening 
are described, for example, in Devlin (1998) High Throughput Screening . Marcel Dekker; and 
U.S. Patent No. 5,763,263. High-throughput assays can use one or more different assay 
techniques including, but not limited to, those described below. 

(1) Surface Binding Studies. Avariety of binding assays may be useful in screening new 
molecules for their binding activity. One approach includes surface plasmon resonance (SPR) 
which can be used to evaluate the binding properties molecules of interest with respect to a 
ribosome, ribosomal subunit or a fragment thereof. 

SPR methodologies measure the interaction between two or more macromolecules in 
real-time through the generation of a quantum-mechanical surface plasmon. One device, 
(BIAcore Biosensor RTM firom Pharmacia Biosensor, Piscatawy, N.J.) provides a focused beam 
of polychromatic light to the interface between a gold film (provided as a disposable biosensor 
"chip") and a buffer compartment that can be regulated by the user. A 100 nm thick "hydrogel" 
composed of carboxylated dextran which provides a matrix for the covalent immobilization of 
analytes of interest is attached to the gold film. When the focused light interacts with the free 
electron cloud of the gold film, plasmon resonance is enhanced. The resulting reflected light is 
spectrally depleted in wavelengths that optimally evolved the resonance. By separating the 
reflected polychromatic light into its component wavelengths (by means of a prism), and 
determining the firequencies which are depleted, the BIAcore establishes an optical interface 
which accurately reports the behavior of the generated surface plasmon resonance. When 
designed as above, the plasmon resonance (and thus the depletion spectrum) is sensitive to mass 
in the evanescent field (which corresponds roughly to the thickness of the hydrogel). If one 
component of an interacting pair is immobilized to the hydrogel, and the interacting partner is 
provided through the buffer compartment, the interaction between the two components can be 
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measured in real time based on the acciramlation of mass in the evanescent field and its 
corresponding effects of the plasmon resonance as measxjred by the depletion spectrum. This 
system permits rapid and sensitive real-time measurement of the molecular interactions without 
the need to label either component. 

5 (2) Fluorescence Polarization. Fluorescence polarization (FP) is a measurement 

technique that can readily be applied to protein-protein, protein-ligand, or RNA-ligand 
interactions in order to derive IC50S and Kds of the association reaction between two molecules. 
In this technique one of the molecules of interest is conjugated with a fluorophore. This is 
generally the smaller molecule in the system (in this case, the compound of interest). The 

10 sample mixture, containing both the ligand-probe conjugate and the ribosome, ribosomal subxmit 
or firagment thereof, is excited with vertically polarized light. Light is absorbed by the probe 
fluorophores, and re-emitted a short time later. The degree of polarization of the emitted light is 
measured. Polarization of the emitted light is dependent on several factors, but most importantly 
on viscosity of the solution and on the apparent molecular weight of the fluorophore. With 

15 proper controls, changes in the degree of polarization of the emitted light depends only on 

changes in the apparent molecular weight of the fluorophore, which in-tum depends on whether 
the probe-ligand conjugate is free in solution, or is bound to a receptor. Binding assays based on 
FP have a number of important advantages, including the measurement of IC50S and Kds under 
true homogenous equilibrium conditions, speed of analysis and amenity to automation, and 

20 ability to screen in cloudy suspensions and colored solutions. 

(3) Protein Synthesis. It is contemplated that, in addition to characterization by the 
foregoing biochemical assays, the compound of interest may also be characterized as a 
modulator (for example, an inhibitor of protein synthesis) of the functional activity of the 
ribosome or ribosomal subunit. 

25 Furthermore, more specific protein synthesis inhibition assays may be performed by 

administering the compound to a whole organism, tissue, organ, organelle, cell, a cellular or 
subcellular extract, or a purified ribosome preparation and observing its pharmacological and 
inhibitory properties by determining, for example, its inhibition constant (IC50) for inhibiting 
protein synthesis. Incorporation of leucine or ^^S methionine, or similar experiments can be 

30 performed to investigate protein synthesis activity. A change in the amovmt or the rate of protein 
synthesis in the cell in the presence of a molecule of interest indicates that the molecule is a 
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modxilator of protein synthesis. A decrease in the rate or the amount of protein synthesis 
indicates that the molecule is a inhibitor of protein synthesis. 



Fxirthermore, the compounds may be assayed for anti-proliferative or anti-infective 
properties on a cellular level. For example, where the target organism is a micro-organism, the 
5 activity of compoimds of interest may be assayed by growing the micro-organisms of interest in 
media either containing or lacking the compound. Growth inhibition may be indicative that the 
molecule may be acting as a protein synthesis inhibitor. More specifically, the activity of the 
compounds of interest against bacterial pathogens may be demonstrated by the ability of the 
compomid to inhibit growth of defined strains of humaa pathogens. For this purpose, a panel of 

10 bacterial strains caa be assembled to include a variety of target pathogenic species, some 
containing resistaace mechanisms that have been characterized. Use of such a panel of 
organisms permits the determination of structure-activity relationships not only in regards to 
potency and spectrum, but also with a view to obviating resistance mechanisms. The assaj^s may 
be performed in microtiter trays according to conventional methodologies as published by The 

15 National Committee for Clinical Laboratory Standards (NCCLS) guidelines (NCCLS. M7-A5" 
Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically; 
Approved Standard-Fifth Edition. NCCLS Document M100-S12/M7 (ISBN 1-56238-394-9). 

The compounds may be assayed for anti-inflammatory properties on a cellular level, for 
example, to determine the inhibition of cytokine production. Further, the compoxmds may be 
20 assessed for calcium flux in CHO cells expressing the human motilin receptor or in animal 
models for prokinetic behavior such as the rabbit duodenum strip model known to display 
contractility when a motilin agonist is applied. 

5. Formulation and Administration 

The compounds of the invention may be useful in the prevention or treatment of a variety 
25 of human or other animal disorders, including for example, bacterial infection, fungal infections, 
viral infections, parasitic diseases, and cancer. It is contemplated that, once identified, the active 
molecules of the invention may be incorporated into any suitable carrier prior to use. The dose 
of active molecule, mode of adininistration and use of suitable carrier will depend upon the 
intended recipient and target organism. The formulations, both for veterinary and for human 
30 medical use, of compoimds according to the present invention typically include such compounds 
in association with a pharmaceutically acceptable carrier. 
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The carrier(s) should be "acceptable" in Hie sense of being compatible with the other 
ingredients of the formulations and not deleterious to the recipient. Pharmaceutically acceptable 
carriers, in this regard, are intended to include any and all solvents, dispersion media, coatings, 
anti-bacterial and anti-fungal agents, isotonic and absorption delaying agents, and the like, 
5 compatible with pharmaceutical administration. The use of such media and agents for 

pharmaceutically active substances is known in the art. Except insofar as any conventional 
media or agent is incompatible with the active compound, use thereof in the compositions is 
contemplated. Supplementary active compoxmds (identified or designed according to the 
invention and/or known in the art) also can be incorporated into the compositions. The 
10 formvilations may conveniently be presented in dosage unit form and may be prepared by any of 
the methods well known in the art of pharmacy/microbiology. In general, some formulations are 
prepared by bringing the compound into association with a liquid carrier or a finely divided solid 
carrier or both, and tiien, if necessary, shaping the product into the desired formulation. 

A pharmaceutical composition of the invention should be formulated to be compatible 
15 with its intended route of administration. Examples of routes of administration include oral or 
parenteral, for example, intravenous, intradermal, inhalation, transdermal (topical), transmucosal, 
and rectal administration. Solutions or suspensions used for parenteral, intradermal, or 
subcutaneous application can include the following components: a sterile diluent such as water 
for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or 
20 other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl parabens; 
antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as 
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and agents for 
the adjustment of tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or 
bases, such as hydrochloric acid or sodium hydroxide. 

25 Usefiil solutions for oral or parenteral administration can be prepared by any of the 

methods well known in the pharmaceutical art, described, for example, in Remington's 
Pharmaceutical Sciences. (Gennaro, A., ed.), Mack Pub., (1990). Formulations for parenteral 
administration can also include glycocholate for buccal administration, methoxysalicylate for 
rectal administration, or citric acid for vaginal administration. The parenteral preparation can be 

30 enclosed in ampoules, disposable syringes or multiple dose vials made of glass or plastic. 
Suppositories for rectal administration also can be prepared by mixing the drug with a non- 
irritating excipient such as cocoa butter, other glycerides, or other compositions which are solid 
at room temperature and liquid at body temperatures. Formulations also can include, for 
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example, polyalkylene glycols such as polyethylene glycol, oils of vegetable origm, 
hydrogenated naphthalenes, and the like. Formulations for direct administration can include 
glycerol and other compositions of high viscosity. Other potentially useful parenteral carriers for 
these drugs include ethylene-vinyl acetate copolymer particles, osmotic pumps, implantable 
5 infusion systems, and liposomes. Formulations for inhalation administration can contain as 
excipients, for example, lactose, or can be aqueous solutions containing, for example, 
polyoxyethylene-9-lauryl ether, glycocholate and deoxycholate, or oily solutions for 
administration in the form of nasal drops, or as a gel to be applied intranasally. Retention 
enemas also can be used for rectal delivery. 

10 Formulations of the present invention suitable for oral administration may be in the form 

of: discrete units such as capsules, gelatin capsules, sachets, tablets, troches, or lozenges, each 
containing a predetermined amount of the drug; a powder or granular composition; a solution or 
a suspension in an aqueous liquid or non-aqueous liquid; or an oil-in-water emulsion or a water- 
in-oil emulsion. The drug may also be administered in the form of a bolus, electuary or paste. A 

1 5 tablet may be made by compressing or moulding the drug optionally with one or more accessory 
ingredients. Compressed tablets may be prepared by compressing, in a suitable machine, the 
drug in a free-flowing form such as a powder or granules, optionally mixed by a binder, 
lubricant, mert diluent, sxirface active or dispersing agent. Moulded tablets may be made by 
moulding, in a suitable machine, a mixture of the powdered drug and suitable carrier moistened 

20 with an inert liquid diluent. 

Oral compositions generally include an inert diluent or an edible carrier. For the purpose 
of oral therapeutic administration, the active compoxmd can be incorporated with excipients. 
Oral compositions prepared using a fluid carrier for use as a mouthwash include the compound 
in the fluid carrier and are applied orally and swished and expectorated or swallowed. 

25 Pharmaceutically compatible binding agents, and/or adjuvant materials can be included as part of 
the composition. The tablets, pills, capsules, troches and the like can contain any of the 
following ingredients, or compounds of a similar nature: a binder such as microcrystalline 
cellulose, gum tragacanth or gelatin; an excipient such as starch or lactose; a disintegrating agent 
such as alginic acid, Primogel, or com starch; a lubricant such as magnesium stearate or Sterotes; 

30 a glidant such as colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin; or a 
flavoring agent such as peppermint, methyl salicylate, or orange flavoring. 
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Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions 
(where water soluble) or dispersions and sterile powders for the extemporaneous preparation of 
sterile injectable solutions or dispersion. For intravenous administration, suitable carriers 
include physiological saline, bacteriostatic water, Cremophor ELTM (BASF, Parsippany, NJ) or 

5 phosphate buffered saline (PBS). It should be stable imder the conditions of manufacture and 
storage and should be preserved against the contaminating action of microorganisms such as 
bacteria and fungi. The carrier can be a solvent or dispersion mediimi containing, for example, 
water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyetheylene glycol, 
and the like), and suitable mixtures thereof The proper fluidity can be maintained, for example, 

10 by the use of a coating such as lecithin, by the maintenance of the required particle size in the 
case of dispersion and by the use of surfactants. In many cases, it will be preferable to include 
isotonic agents, for example, sugars, polyalcohols such as manitol, sorbitol, sodium chloride in 
the composition. Prolonged absorption of the injectable compositions can be brought about by 
including in the composition an agent which delays absorption, for example, aluminum 

15 monostearate and gelatin. 

Sterile injectable solutions can be prepared by incorporating the active compound in the 
required amount in an appropriate solvent with one or a combination of ingredients enumerated 
above, as required, followed by filter sterilization. Generally, dispersions are prepared by 
incorporatmg the active compound into a sterile vehicle which contains a basic dispersion 
20 medixjm and the required other ingredients from those enumerated above. In the case of sterile 
powders for the preparation of sterile injectable solutions, methods of preparation include 
vacuima drying and freeze-drying which yields a powder of the active ingredient plus any 
additional desired ingredient from a previously sterile-filtered solution thereof. 

Formulations suitable for intra-articular administration may be in the form of a sterile 
25 aqueous preparation of the dmg which may be in microcrystalline form, for example, in the form 
of an aqueous microcrystalline suspension. Liposomal formulations or biodegradable polymer 
systems may also be used to present the dmg for both intra-articular and ophthalmic 
administration. 

Formulations suitable for topical administration, including eye treatment, include liquid 
30 or semi-liquid preparations such as liniments, lotions, gels, applicants, oil-in-water or water-in- 
oil emulsions such as creams, ointments or pastes; or solutions or suspensions such as drops. 
Formulations for topical administration to the skin surface can be prepared by dispersing the 
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drug with a dermatologically acceptable carrier such as a lotion, cream, ointment or soap. 
Particularly useful are carriers capable of forming a film or layer over Ihe skin to localize 
application and inhibit removal. For topical administration to intemal tissue surfaces, the agent 
can be dispersed in a liquid tissue adhesive or other substance known to enhance adsorption to a 

5 tissue surface. For example, hydroxypropylcellulose or fibrinogen/thrombin solutions can be 
used to advantage. Alternatively, tissue-coating solutions, such as pectin-containing 
formulations can be used. 

For inhalation treatments, inhalation of powder (self-propelling or spray formulations) 
dispensed with a spray can, a nebulizer, or an atomizer can be used. Such formulations can be in 

10 the form of a fine powder for pulmonary administration from a powder inhalation device or self- 
propelling powder-dispensing formulations. In the case of self-propelling solution and spray 
formulations, the effect may be achieved either by choice of a valve having the desired spray 
characteristics (ie,, being capable of producing a spray having the desired particle size) or by 
incorporating the active ingredient as a suspended powder in controlled particle size. For 

1 5 administration by inhalation, the compounds also can be delivered in the form of an aerosol 

spray from pressured container or dispenser which contains a suitable propellant, e.g,, a gas such 
as carbon dioxide, or a nebxilizer. 

Systemic administration also can be by transmucosal or transdermal means. For 
transmucosal or transdermal administration, penetrants appropriate to the barrier to be permeated 
20 are used in the formulation. Such penetrants generally are known in the art, and include, for 
example, for transmucosal administration, detergents and bile salts. Transmucosal 
administration can be accomplished through the use of nasal sprays or suppositories. For 
transdermal administration, the active compounds typically are formulated into ointments, 
salves, gels, or creams as generally known in the art. 

25 The active compounds may be prepared with carriers that will protect the compound 

against rapid elimination from the body, such as a controlled release formulation, including 
implants and microencapsulated delivery systems. Biodegradable, biocompatible polymers can 
be used, such as ethylene vmyl acetate, polyanhydrides, polyglycolic acid, collagen, 
polyorthoesters, and polylactic acid. Methods for preparation of such formulations will be 

30 apparent to those skilled in the art. Liposomal suspensions can also be used as pharmaceutically 
acceptable carriers. These can be prepared according to methods known to those skilled in the 
art, for example, as described in U.S. Pat. No. 4,522,81 1. 
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Oral or parenteral compositions can be formulated in dosage xmit form for ease of 
administration and imifonnity of dosage. Dosage unit form refers to physically discrete units 
suited as unitary dosages for the subject to be treated; each unit containing a predetermined 
quantity of active compound calculated to produce the desired Iherapeutic effect in association 
with the required pharmaceutical carrier. The specification for the dosage unit forms of the 
invention are dictated by and directly dependent on the unique characteristics of the active 
compoxmd and the particular therapeutic effect to be achieved, and the limitations inherent in the 
art of compounding such an active compound for the treatment of individuals. Furthermore, 
administration can be by periodic injections of a bolus, or can be made more continuous by 
intravenous, intramuscular or intraperitoneal administration from an extemal reservoir (e.g., an 
intrvenous bag). 

Where adhesion to a tissue surface is desired the composition can include the drug 
dispersed in a fibrinogen-thrombin composition or other bioadhesive. The compound then can 
be painted, sprayed or otherwise applied to the desired tissue surface. Alternatively, the dmgs 
can be formulated for parenteral or oral administration to himians or other mammals, for 
example, in therapeutically effective amounts, e.g., amounts which provide appropriate 
concentrations of the drug to target tissue for a time sufficient to induce the desired effect. 

Where the active compound is to be used as part of a transplant procedure, it can be 
provided to the living tissue or organ to be transplanted prior to removal of tissue or organ from 
the donor. The compound can be provided to the donor host. Altematively or, in addition, once 
removed from the donor, the organ or living tissue can be placed in a preservation solution 
containing the active compound. In all cases, the active compound can be administered directly 
to the desired tissue, as by injection to the tissue, or it can be provided systemically, either by 
oral or parenteral administration, using any of the methods and formulations described herein 
and/or known in the art. Where the drug comprises part of a tissue or organ preservation 
solution, any commercially available preservation solution can be used to advantage. For 
example, useful solutions known in the art include Collins solution, Wisconsin solution, Belzer 
solution, EurocoUins solution and lactated Ringer's solution. 

The active compound may be administered directly to a tissue locus by applying the 
compouaid to a medical device that is placed in contact with the tissue. For example, an active 
compomid may be applied to a stent at the site of vascular injury. Stents can be prepared by any 
of the methods well known in the pharmaceutical art. See, e.g., Fattori, R. and Piva, T., 
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"Drug-Eluting Stents in Vascular Intervention," Lancet, 2003, 361, 247-249; Morice, M. C, "A 
New Era in the Treatment of Coronary Disease?" European Heart Journal, 2003, 24, 209-21 1; 
and Toutouzas, K. et al, "Sirolimus-Eluting Stents: A Review of Experimental and Clinical 
Findings," Z Kardiol, 2002, P/(3), 49-57. The stent may be fabricated from stainless steel or 
5 another bio-compatible metal, or it may be made of a bio-compatible polymer. The active 
compound may be linked to the stent surface, embedded and released from polymer materials 
coated on the stent, or surrounded by and released through a carrier which coats or spans the 
stent. The stent may be used to administer single or multiple active compounds to tissues 
adjacent to the stent. 

10 Active compound as identified or designed by the methods described herein can be 

administered to individuals to treat disorders (prophylactically or therapeutically). In 
conjunction with such treatment, pharmacogenomics {Le,, the study of the relationship between 
an individual's genotype and that individual's response to a foreign compound or drug) may be 
considered. Differences in metabolism of therapeutics can lead to severe toxicity or therapeutic 

1 5 failure by altering the relation between dose and blood concentration of the pharmacologically 
active drug. Thus, a physician or clinician may consider applying knowledge obtained in 
relevant pharmacogenomics studies in determining whether to administer a drug as well as 
tailoring the dosage and/or therapeutic regimen of treatment with the drug. 

In therapeutic use for treating, or combating, bacterial infections in mammals, the 
20 compoimds or pharmaceutical compositions thereof will be administered orally, parenterally 

and/or topically at a dosage to obtain and maintain a concentration, that is, an amount, or blood- 
level or tissue level of active component in the animal undergoing treatment which will be anti- 
microbially effective. The term "effective amount" is understood to mean liiat the compound of 
the invention is present in or on the recipient in an amount sufficient to elicit biological activity, 
25 for example, anti-microbial activity, anti-ftmgal activity, anti-viral activity, anti-parasitic 

activity, anti-proliferative activity, anti-inflammatory aictivity or ameliorating a symptom of a 
gastrointestinal motility disorder. Generally, an effective amount of dosage of active component 
will be in the range of from about 0.1 to about 100, more preferably from about 1.0 to about 50 
mg/kg of body weight/day. The amount administered will also likely depend on such variables 
30 as the type and extent of disease or indication to be treated, the overall health status of the 

particular patient, the relative biological efficacy of the compound delivered, the formulation of 
the dmg, the presence and types of excipients in the formulation, and the route of administration. 
Also, it is to be understood that the initial dosage administered may be increased beyond the 
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above upper level in order to rapidly achieve the desired blood-level or tissue level, or the initial 
dosage may be smaller than the optimum and the daily dosage may be progressively increased 
during the course of treatment depending on the particular situation. If desired, the daily dose 
may also be divided into multiple doses for adnainistration, for example, 2-4 four times per day. 

5 In light of the foregoing, the specific examples presented below are illustrative only and 

are not intended to limit the scope of the mvention. Other generic and specific configurations 
will be apparent to those persons skilled in the art. 

6. Examples 

Some of the abbreviations used in the following experimental details of the synthesis of 



1 n 

10 


the examples are defmed below: 




hr 




hour(s) 




min 




minute(s) 




mol 




mole(s) 




mmol 




millimole(s) 


15 


M 




molar 




iiivr 








g 












microgram(s) 




rt 




room temperature 


20 


L 




liter(s) 




mL 




milliliter(s) 




Et20 




diethyl ether 




THF 




tetrahydrofuran 




DMSO 




dimethyl sulfoxide 


25 


EtOAc 




ethyl acetate 




EtsN 




triethylamine 




z-PraNEt 




diisopropylethylamine 




CH2CI2 




methylene chloride 




CHCI3 




chloroform 


30 


CDCI3 




deuterated chloroform 




ecu 




carbon tetrachloride 




MeOH 




methanol 
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CD3OD = deuterated methanol 

EtOH = ethanol 

DMF = dimethylformamide 

BOC = r-butoxycarbonyl 

5 CBZ = benzyloxycarbonyl 

TBS = ^butyldimethylsilyl 

TBSCl = f-butyldimethylsilyl chloride 

TFA = trifluoroacetic acid 

DBU = diazabicycloxmdecene 

10 TBDPSCl = ^butyldiphenylchlorosilane 

Hunig'sBase = A/^iV-diisopropylethylamine 

DMAP = 4-dimethylaminopyridine 

Cul == copper (I) iodide 

MsCl = methanesulfonyl chloride 

15 NaNa = sodium azide 

Na2S04 = sodium sulfate 

NaHCOs = sodium bicarbonate 

NaOH = sodixmi hydroxide 

MgS04 = magnesium sulfate 

20 K2CO3 = potassium carbonate 

KOH = potassium hydroxide 

NH4OH = ammonium hydroxide 

NH4CI = ammonium chloride 

Si02 == silica 

25 Pd-C = palladixxm on carbon 

Pd(dppf)Cl2 = dichloro[l , 1 ' -bis(diphenylphosphino)ferrocene] palladium (II) 



Nuclear magnetic resonance (NMR) spectra were obtained on a Bruker Avance 300 or 
Avance 500 spectrometer, or in some cases a GE-Nicolet 300 spectrometer. Common reaction 
solvents were either high performance liquid chromatography (HPLC) grade or American 
30 Chemical Society (ACS) grade, and anhydrous as obtained from the manufacturer unless 
otherwise noted. "Chromatography" or "purified by siUca gel" refers to flash column 
chromatography using silica gel (EM Merck, SiUca Gel 60, 230-400 mesh) unless otherwise 
noted. 
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Example 1 - Exemplary Oxazolidinone Derivatives 

Exemplary compotmds synthesized in accordance with the invention are listed in Table 2. 

TABLE 2 



Compoimd Number 


Structure 
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Scheme 28 below depicts the synthesis of compoimds 142 aiid 143 using the chemistries 
previously exemplified. Briefly, 2-methylamino-ethanol was alkylated with propargyl bromide 
154 and tosylate 155 to produce alkynes 156 and 157, respectively. Alkynes 156 and 157 were 
5 heated in the presence of the azide intermediate 158 (Brickner, S.J. et al (1996) J. MED. CHEM 
39: 673) to produce compounds 142 and 143, respectively. 



Scheme 28 
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Synthesis of tosylate 155 

10 3-Butyn-l-ol (1 .8 g, 25 mmol) was dissolved in methylene chloride (CH2CI2) (40 mL) 

and triethylamine (EtsN) (4,18 mL, 30 mmol). The solution was stirred at 0°C followed by 
addition of p-toluenesulfonyl chloride (5.05 g, 26.25 mmol). The reaction was allowed to warm 
to room temperature over a period of 1 hour and stirring was continued overnight. Thin layer 
chromatography (TLC) analysis (hexanes/ethyl acetate (EtOAc) 6:1) after 20 hours of reaction 

1 5 showed a complete consumption of 3 -butyn- 1 -ol. The precipitated triethylamine hydrocliloride 
was filtered off and the filtrate washed with water (H2O) (30 mL) and brine (30 mL). The 
organic layer was dried over sodium sxdfate (Na2S04) and the solvent evaporated away to give 
155 as a light-yellow oil (5.45 g, 97%). The crude oil was used without further purification; 
however, it could be purified on a silica gel column, first eluting with 8% EtOAc in hexanes 

20 followed by 40% EtOAc in hexanes. 
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A suspension of O-tosyl-3-butyn-l-ol (2.8 g, 12.5 mmol), 2-niethylaminoethanol (0.93 
mL, 1 1 .4 mmol) and soditim bicarbonate (NaHCOs) was heated at 50°C for 20 hours. NaHCOs 
was filtered, the solvent was evaporated, and the resulting residue was partitioned between H2O 
5 (30 mL) and EtOAc (30 mL). The layers were separated and the aqueous layer was back 

extracted with EtOAc (4 x 20 mL). The combined organic layer was dried over Na2S04 and the 
solvent evaporated away to give an oily residue. The oily crude was purified on silica gel 
column eluting Avith 5:1 CHiClz/melhanol (MeOH) to give compound 157 as an oil (0.54 g, 
37%). 

1 0 Synthesis of alkyne 156 

Alkyne 156 was made firom 2-methylaminoethanol and propargyl bromide as described 
for alkyne 157 above. 

Synthesis of triazole 142 

Azide 158 (0.15 g, 0.47 mmol) and alkyne 156 (0.212 g, 1.5 mmol) were dissolved in 
1 5 anhydrous tetrahydrofuran (THF) (1 0 mL) and Hunig' s base (2 mL, 1 1 .6 mmol). To this 

solution was added copper iodide (Cul) (0.136 g, 0.7 mmol) and the resulting suspension stirred 
at room temperature for 16 hours. TLC (chloroform (CHCl3)/MeOH 10:1) showed a quantitative 
consumption of azide 158. Methylene chloride (30 mL) was added, the suspension was filtered 
and solvent was evaporated fi:om the filtrate. The residue was pxirified on silica gel eluting with 
20 6-13% MeOH in CH2CI2 to provide triazole 142 (0.1 1 g, 50.6%). Data for 142: ^H-NMR (500 
MHz, CDCI3) 8 7.78 (s, IH), 7.30 (dd, J= 15, 3 Hz, IH), 6.98 (dd, J= 9, 2 Hz, IH), 6.88 (t, J= 
10 Hz, IH), 5.08 (m, IH), 4.77 (m, 2H), 4.15 (t, J= 10 Hz, IH), 3.94 (m, IH), 3.85 (t, J= 5 Hz, 
4H), 3.76 (bs, 2H), 3.60 (m, 2H), 3.03 (t, J= 4 Hz, 4H), 2.53 (m, 2H), 2.26 (s, 3H). 

Synthesis of triazole 143 

25 Azide 158 (0.383 g, 1 .2 mmol) and alkyne 157 (0.24 g, 1 .9 mmol) were dissolved in 

anliydrous THF (12 mL) and Hunig' s base (3 mL, 17.4 mmol). To this solution was added Cul 
(0.43 g, 2.2 mmol) and the resulting suspension was stirred at room temperature for 3 hours. 
TLC (CH2Cl2/MeOH 9:1) showed that the reaction was complete within 3 hours with no further 
consumption of aade 158 upon stirring overnight Methylene chloride (50 mL) was added, the 

30 suspension was filtered and solvent was evaporated from the filtrate. The residue was purified 
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on silica gel eluting with 10-20% MeOH in CH2CI2 to provide triazole 143 (0.108 g, 20%). Data 
for 143: ^H-NMR (500 MHz, CDCI3/CD3OD) 5 7.78 (s, IH), 7.33 (dd, J= 15, 3 Hz, IH), 7.02 
(dd, J= 9, 2 Hz, IH), 6.95 (t, J= 9 Hz, IH), 5.10 (m, IH), 4.76 (m, 2H), 4.19 (t, J= 9 Hz, IH), 
3.93 (m, IH), 3.87 (t, J= 5 Hz, 4H), 3.65 (m, 2H), 3.06 (t, J= 5 Hz, 4H), 2.90 (t, J= 4 Hz, 2H), 
5 2.75 (t, J = 5 Hz, 2H), 2.62 (t, J = 6 Hz, 2H), 2.34 (s, 3H). 

Example 3 - Synthesis of Compound 144 

Scheme 29 below depicts the synthesis of compound 144 using the chemistries 
previously exemplified. Cycloaddition of azide 158 and alkyne 159 produced triazole 160. 
Tosylation of the alcohol of triazole 160, followed by aUcylation with 2-methylamino-ethanol, 
1 0 produced 4-substituted triazole 144. 

Scheme 29 
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Synthesis of alcohol 160 

Azide 158 (0.15 g, 0.47 mmol) and 4-pentyn-l-ol (0.034 g, 0,39 mmol) were dissolved in 
1 5 anhydrous THF (1 0 mL) and Himig' s base (2 niL, 1 1 .6 mmol). To this solution was added Cul 

(0.136 0.7 mmol) and the resulting suspension was stirred at room temperature for 16 hours. 

TLC (CHCls/MeOH 10:1) showed a quantitative consumption of azide 158. Methylene chloride 

(30 mL) was added, the suspension was filtered and solvent was evaporated from the filtrate. 

The residue was purified on silica gel eluting with 5-7% MeOH in CH2CI2 to provide 160 (0.077 
20 g, 48.7%). 
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Compound 160 (0.072 g, 0.178 mmol) was dissolved in CH2CI2 (2 mL) and EtsN (0.09 
mL, 0.63 mmol). To this solution was added p-toluenesulfonyl chloride (0.0366 g, 0.19 nunol) 
and stirring continued at room temperature for 20 hours during which a quantitative consxmiption 
5 of compound 160 was noticed by TLC (CH2Cl2/MeOH 9:1). The reaction was quenched with 
10:1 H2O/THF within 30 minutes and then partitioned between 10% NaHCOa (20 mL) and 
CH2CI2 (20 mL). The two layers were separated; and the organic layer washed with saturated 
brine (3x15 mL) and dried over Na2S04. Solvent was evaporated to give an oily residue. 

The cmde product above was dissolved ui THF (3 mL) and Hunig's base (0.31 mL, 1.8 
10 mmol). To this solution was added 2-(methylamino)ethanol (0.037 mL, 0.45 mmol) and stirring 
was continued at room temperature for 20 hours. The reaction was partitioned between 5% 
MeOH in CH2CI2 (30 mL) and saturated brine (20 mL). The two layers were separated and the 
resulting organic layer was washed with saturated brine (2 x 20 mL), dried over Na2S04 and the 
solvent was evaporated. The cmde product was purified on silica gel eluting with 15-35% 
1 5 MeOH in CH2CI2 to CH2Cl2/MeOH/ammonium hydroxide (NH4OH) 3 : 1 :0.05 to provide 

compound 144 (0.041 g, 50%). Data for 144: ^H-NMR (500 MHz, CDCI3/CD3OD) 5 7.77 (s, 
IH), 7.34 (dd, J= 15, 3 Hz, IH), 7.04 (dd, J- 9, 2.5 Hz, IH), 6.98 (t, J= 9 Hz, IH), 5.12 (m, 
IH), 4.77 (m, 2H), 4.20 (t, J= 9 Hz, IH), 3.96 (m, IH), 3.86 (t, J= 5 Hz, 4H), 3.63 (m, 2H), 3.05 
(t, J- 5 Hz, 4H), 2,71 (t, J= 6 Hz, 2H), 2.52 (t, J- 6 Hz, 2H), 2.42 (t, J= 8 Hz, 2H), 2.26 (s, 
20 3H), 1.83 (m,2H). 

Example 4 - Synthesis of Compounds 145-147 

Scheme 30 below depicts the synthesis of compoimds 145-147 using chemistries 
previously exemplified. Des-methyl erythromycin amine 39 was alkylated with propargyl 
bromide 154 or the tosylates 155 and 161 to produce alkynes 162, 163 and 164, respectively. 
25 Hydrolysis of alkynes 162, 163 and 164 produces alkynes 165, 166 and 167, respectively, which 
were then used in a cycloaddition reaction with azide 158 to produce the 4-substituted triazole 
compounds 145, 146 and 147, respectively. 
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Scheme 30 
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Synthesis of tosylate 161 

Tosylate 161 was made from 4-pentyn-l-ol ixsing the same protocol described for the 
5 synthesis of tosylate 155 above. 

Synthesis of alkyne 165 

Alkyne 162 (800 mg) was stin'ed with 6N hydrochloric acid (HCl) overnight at ambient 
temperatm^e and heated to lOO^'C for 2 hours. The dark solution was cooled to room temperature 
and extracted with CH2CI2 (3x8 mL) aiid ethyl ether (Et20) (3x8 mL). The aqueous phase was 
10 concentrated to obtain a foamy solid, which was redissolved in water (8 mL) and neutralized 
wifhL NaHCOs- The solution was extracted with EtOAc (3x10 mL), dried with Na2S045 
concentrated and purified by flash chromatography (silica gel, 5% MeOH-CHCls) to give the 
alkyne 165 (85 mg, 40%) as a mixture of anomers. 

Synthesis of alkyne 166 and 167 

15 The same procedure used for the s^^nthesis of alkyne 165 from 162 was used to 

synthesize alkyne 166 from 163, and alkyne 167 from 164. The alkynes 166 and 167 were used 
in subsequent chemistry without further purification. 



219 



wo 2004/029066 

Synthesis of triazole 145 



PCT/US2003/030478 



To a solution of alkyne 165 (80 mg, 0.0402 nunol), azide 158 (155 mg, 0.482 mmol), and 
HiHiig's base (2.1 mL, 12.06 mmol) in THF (5 mL) was added Cul (156 mg, 0.804 mmol) and 
the mixture was stirred overnight at ambient temperature. The reaction mixture was diluted with 
5 10% MeOH-CHCls (50 mL), washed with brine (2 x 50 mL), dried with Na2S04, and 

concentrated under reduced pressure. The crude mixture was purified by flash chromatography 
(silica gel, 10% MeOH-CHCls) to give compound 145 (80 mg, 40%). Data for 145: ^H-NMR 
(500 MHz, CDCI3; partial structure) 5 7.72 (s, IH), 7.28 (d, IH), 6.95-6.84 (m, 2H, m). 

Synthesis of triazoles 146 and 147 

10 Tlie same procedure used for the synthesis of triazole 145 from 165 was used to 

synthesize triazole 146 from alkyne 166, and triazole 147 from alkyne 167. 

Example 5 - Synthesis of Compounds 148-150 



method. Alkynes 162, 163 and 164 were reacted with azide 158 to produce a mixture of the 
15 4-substituted triazoles 148, 149, and 150, respectively. 



Scheme 31 below depicts the synthesis of compounds 148-150 using one exemplary 



Scheme 31 
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Scheme 32 below depicts the synthesis of compounds 149 and 150 using an altemative 
exemplary method. Azide 158 was reacted with tosylates 155 and 161 to produce triazole 
tosylates 168 and 169, respectively. The reaction of compounds 168 and 169 with amme 39 
produced compounds 149 and 150, respectively. 



Synthesis of amine 39 

Compoimd 39 was made from erythromycin A employing the procedure described in 
U.S. Patent No. 3,725,385. 

1 0 Synthesis of alkyne 163 

A mixture of des(N-methyl)erytliromycin 39 (1 .0 g, 1 .4 mmol) and tosylate 155 (1 .25 g, 
5.6 mmol) in anhydrous THF (15 niL) and Hunig's base (2.2 mL, 1 1.9 mmol) was kept stirring 
at 55°C for 48 hours. The reaction was poured into CH2CI2 (50 mL), extracted with 2% aqueous 
NH4OH (3 X 30 mL) and saturated brine (1 x 30 niL). The organic layer was dried over Na2S04 
15 and the solvent was evaporated away. The crude was purified on silica gel column eluting with 
CHsCb/MeOH 10:1 to give 163 (0.35 g, 32%). 

Synthesis of alkyne 164 

Alkyne 164 was made from des(N-methyl)erythromycin 39 and tosylate 161 using the 
same procedure described for alkyne 163. 

20 Synthesis of alkyne 162 

Alkyne 162 was made from des(N-methyl)erythromycin 39 and propargyl bromide using 
the same procedure described for alkyne 163. 



Scheme 32 
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Azide 158 (1.5 4.7 mmol) and tosylate 155 (0.875 g, 3.9 mmol) were dissolved in 
anhydrous THF (25 mL) and Hunig's base (10 mL, 57.4 mmol). To this solution was added Cul 
(1 .36 7.0 mmol) and the resulting suspension was stirred at room temperature for 2 hours. 
TLC (CHCls/MeOH 10:1) showed a quantitative consumption of azide 158. The reaction was 
poured into CH2CI2 (60 mL), extracted with saturated NaHCOs (3x30 mL) and saturated brine 
(2 X 30 mL). The organic layer was dried over Na2S04 and Ihe solvent was evaporated away. 
The crude was purified on silica gel column eluting with 0-3% MeOH in CH2CI2 to give 168 
(1.34 & 63%). 

Synthesis of triazole 149 

Method A: Alkyne 163 (0.80 g, 1.036 mmol) and azide 158 (0.50 g, 1.6 mmol) were 
dissolved in anhydrous THF (10 mL) and Himig's base (2.2 mL, 1 1.6 mmol). To this solution 
was added Cul (0.403 g, 2.07 mmol) and the resulting suspension stirred at room temperature for 
2 hours. CH2CI2 (60 mL) was added, the solution was extracted with saturated NaHCOs (3x30 
mL), NH4CI (3 X 30 mL) and saturated brine (30 mL). The organic layer was dried over Na2S04 
and the solvent was evaporated. The crude was purified on siUca gel eluting with CH2Cl2/MeOH 
15:1 to 10:1 to provide triazole 149 (0.91 g, 80%). 

Method B: A mixture of des(N-methyl)erythromycin 39 (0.25 g, 0.342 mmol) and 
tosylate 168 (0.28 g, 0.51 mmol) in anhydrous THF (5 mL) and Hunig's base (0.65 mL, 3.51 
mmol) was stirred at 55®C for 48 hours. The reaction was poured into CH2CI2 (30 mL), 
extracted with saturated NaHCOa (3 x 20 mL) and saturated brine (1 X 20 mL). The organic 
layer was dried over Na2S04 and the solvent evaporated. The crude product was purified on 
silica gel coluron eluting with CH2Cl2/MeOH 15:1 to 10:1 to give triazole 149 (0.151 g, 40%). 
Data for 149: ^H-NMR, partial, (500 MHz, CDCI3) 5 7.60 (s, IH), 7.29 (dd, J= 14, 3 Hz, IH), 
6.95 (dd, J= 10, 3 Hz, IH), 6.86 (t, J= 9 Hz, IH), 5.00 (m, 2H), 4.85 (d, J- 5 H, IH), 4.67 (m, 
2H), 4.37 (d, J= 7 Hz, IH), 4.08 (t, J= 10 Hz, IH), 3.52 (d, J- 8 Hz, IH), 3.44 (m, IH), 2.66 
(m, 2H), 0.82 (t, J= 8 Hz, 3H). 

Synthesis of triazole 148 

Triazole 148 was made fi:om alkyne 162 and azide 158 using method A as described for 
triazole 149. 
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Triazole 150 was made ifrom alkyne 164 and azide 158 using both methods A and B 
described for triazole 149. Data for 150: ^H-NMR, partial, (500 MHz, CDCI3) 8 7.49 (s, IH), 
7.26 (dd, J= 15, 3 Hz, IH), 6.91 (dd, J= 10, 3 Hz, IH), 6.84 (t, J= 9 Hz, IH), 5.00 (m, 2H), 
4.85 (d, J= 5 H, IH), 4.67 (m, 2H), 4.38 (d, J= 8 Hz, IH), 4.07 (t, J= 10 Hz, IH), 3.52 (d, J= 8 
Hz, IH), 3.44 (m, IH), 2.69 (m, 2H), 0.78 (t, J- 8 Hz, 3H). 

Example 6 - Synthesis of Compounds 151-153 

Scheme 33 below depicts the synthesis of compoimds 151-153 using the chemistries 
previously exempUfied. Demethylation of azitliromycin 170 selectively produced amine 171. 
Amine 171 was alkylated with bromide 154 and tosylates 155 and 161 to produce alkynes 172, 
173 and 174, respectively. Cycloaddition of alkynes 172, 173 and 174 with azide 158 produced 
compounds 151, 152 and 153, respectively. 

Scheme 33 
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Azithromycin 170 (0.80 g, 1.02 mmol) and sodium acetate (NaOAc) (0.712 g, 8.06 
mmol) were dissolved in 80% aqueous MeOH (25 mL). The solution was kept at SO^'C followed 
by addition of iodine (I2) (0.272 g, 1.07 mmol) in three batches within 3 minutes. The reaction 

5 was maintained at a pH between 8 - 9 by adding IN sodium hydroxide (NaOH) (1 mL) at 10 
min and 45 minute intervals. The solution turned colorless within 45 minutes, however, stirring 
was continued for 2 hours. TLC (CH2Cl2/MeOH/NH40H 10: 1 :0.05) after 2 hours showed a 
single major product (Rf = 0.66). The reaction was cooled to room temperature, poured into 
H2O (75 mL) containing NH4OH (1 .5 mL) and extracted with CHCI3 (3x30 mL). The 

10 combined organic layer was washed with H2O (30 mL) containing NH4OH (1 .5 mL), dried over 
Na2S04 and the solvent evaporated to give a white residue. The crude was purified on silica gel 
column eluting with CH2Cl2/MeOH/NH40H 18:1:0.05 to 10:1:0.05 to provide amine 171 (0.41 
g, 55%). 

Synthesis of alkyne 172 

15 Alkyne 172 was made from des(N-methyl)azithromychi 171 and propargyl bromide 

using the same procedure described for the synthesis of compoxmd 163. 

Synthesis of all^ne 173 

Alkyne 173 was made from des (N-methyl)azithromycin 171 and tosylate 155 using the 
same procedure described for the synthesis of compound 163. 

20 Synthesis of triazole 151 

Triazole 151 was made from alkyne 172 and azide 158 using method A as described for 
the synthesis of compound 149. 

Synthesis of triazole 152 

Triazole 152 was made from alkj^ne 173 and azide 158 using method A as described for 
25 the synthesis of compound 149. Data for 152: ^H-NMR (300 MHz, CDCI3, partial): 8 7.63 (s, 
IH), 7.34 (dd, J= 14, 2 Hz, IH), 6.98 (dd, J= 9, 2 Hz, IH), 6.90 (t, J- 9 Hz, IH), 5.1 1 (d, J= 4 
Hz, IH), 4.96 (m, IH), 4.71 (m, 3H), 4.44 (d, J= 7 Hz, IH), 4.30 (d, J= 2 Hz, IH), 4.10 (m, 
2H), 3.86 (m, 5H), 3.04 (m, 5H), 0.90 (t, J- 7 Hz, 3H). 
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Triazole 153 was made from alkyne 174 and azide 158 xising method A as described for 
compound 149. Data for 153: ^H-NMR, partial, (500 MHz, CDCI3) 5 7.50 (s, IH), 7.29 (dd, J= 
15, 3 Hz, IH), 6.94 (dd, J= 10, 3 Hz, IH), 6.87 (t, J= 9 Hz, IH), 5.13 (m, IH), 5.00 (m, IH), 
5 4.71 (m, 2H), 4.43 (d, J- 7 Hz, IH), 4.26 (bs, IH), 3.61 (d, J= 8 Hz, IH), 0.78 (t, J= 8 Hz, 3H). 

Synthesis of alkyne 174 

Alkyne 174 was made from des(N-methyl)azithromycin 171 and tosylate 161 using the 
same procedure described for compound 163. 

Example 7 - Synthesis of Compound 175 

10 Triazole 152 was hydrolyzed with dilute acid to afford the des-cladinose derivative 175. 

Synthesis of triazole 175 

Compoxmd 152 (0.120 g, 0.108 mmol) was dissolved in 0.25N HCl (10 mL) and the 
solution was kept stirring at room temperature for 24 h. The reaction was extracted with CH2CI2 
(2 X 20 mL) and the organic layer was discarded. The aqueous layer was basified with cone. 

15 NH4OH and then extracted with CH2CI2 (3 x 30 mL). The combined organic layer was extracted 
with saturated brine (1 x 20 mL), and dried over Na2S04. TLC (CH2Cl2/MeOH/NH40H 
10:1 :0.05) showed > 95 % conversion to a new lower Rf product (Rf = 0.56). The solvent was 
evaporated to provide 175 as a white solid (0.101 g, 98%). Data for 175: ^H-NMR (300 MHz, 
CDCI3, partial): 6 7.58 (s, IH), 7.26 (dd, J- 14, 2 Hz, IH), 6.91 (dd, J= 10, 2 Hz, IH), 6.82 (t, 

20 J= 9 Hz, IH), 4.97 (m, IH), 4.63-4.66 (m, 3H), 4.36 (d, J= 7 Hz, IH), 4.02 (bs, IH), 3.78 (t, J- 
4 Hz, 4H) , 2.96 (t, J= 5 Hz, 4H), 0.83 (t, J= 7 Hz, 3H). 

Example 8 - Synthesis of Compounds 176-178 

Scheme 34 below depicts the synthesis of compoimds 176-178 using the chemistries 
previously exemplified. Azide 188 w^ treated witli alkyne 163 to afford triazole 176. The same 
25 azide was used to make triazoles 177 and 178 from alkynes 164 and 173 respectively. 



225 



wo 2004/029066 



PCT/US2003/030478 



Scheme 34 



o 




Synthesis of azide 188 

The known azide 188 can be synthesized following the procedure reported in the 
literature (Gregory, W.A. et al J. Med, Chem. 1989, 32, 1673). 

Synthesis of triazole 176 

This compound was made from alkyne 163 and azide 188 using method A as described 
for compound 149. Data for 176: ^H-NMR (300 MHz, CDCI3, partial): 5 7.90 (d, J= 9 Hz, 2H), 
7.59 (s, IH), 7.50 (d, J= 9 Hz, 2H), 5.01-5.15 (m, 2H), 4.84 (d, J= 4 Hz, IH), 4.71 (m, 2H), 
4.36 (d, J= 7 Hz, IH), 4.20 (t, J= 7 Hz, IH) 3.93-4.02 (m, 4H), 3.79 (bs, IH), 0.79 (t, J= 7 Hz, 
3H). 

Synthesis of triazole 177 

This compound was made from alkyne 164 and azide 188 using method A as described 
for compound 149. Data for 177: ^H-NMR (300 MHz, CDCI3, partial): 5 7.98 (d, J= 9 Hz, 2H), 
7.53-7.56 (m, 3H), 5,07-5.19 (m, 2H), 4.89 (d, J= 4 Hz, IH), 4.75 (m, 2H), 4.43 (d, J= 7 Hz, 
IH), 4.22 (t, J= 7 Hz, IH), 4.01 (m, IH), 3.92 (s, IH), 3.83 (s, IH), 0.86 (t, J= 7 Hz, 3H). 

Synthesis of triazole 178 

This compound was made from alkyne 173 and azide 188 using method A as described 
for compound 149. Data for 178: ^H-NMR (300 MHz, CDCI3, partial): 5 7.90 (d, J= 9 Hz, 2H), 
7.55 (s, IH), 7.48 (d, J= 8 Hz, 2H), 4.97-5.02 (m, 2H), 4.61-4.67 (m, 3H), 4.36 (d, J= 7 Hz, 
IH), 3.95-4.21 (m, 5H), 3.58 (m, 2H), 3.36 (m, IH), 3.14-3,25 (m, 5H) , 0.82 (t, J= 7 Hz, 3H). 
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15 



20 



Scheme 35 below depicts the synthesis of compounds 179 and 180 using the chemistries 
previously exemplified. Azide 189 was treated with alkyne 163 to afford triazole 179. The same 
azide was used to make triazole 180 from alkyne 173. 



Scheme 35 
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Synthesis of azide 189 

The azide was synthesized from 3-fluoroaniline using the chemistry reported in the 
literature (Brickner, S.J. et al J, Med Chem. 1996, 39, 673). 

10 Synthesis of triazole 179 



This compound was made from alkyne 163 and azide 189 using method A as described 
for compound 149. Data for 179: ^H-NMR (300 MHz, CDCI3, partial): 5 7.55 (s, IH), 7.28-7.36 
(m, IH), 7.09 (dd, J= 8 Hz, 1.6 Hz, IH), 6.83 (m, IH), 5.04-5.12 (m, 2H), 4.88 (d, J= 5 Hz, 
IH), 4.72 (m, 2H), 4.39 (d, J= 7 Hz, IH), 4.16 (t, J= 7 Hz, IH), 3.82 (s, IH), 0.83 (t, J= 7 Hz, 
3H). 



Synthesis of triazole 180 

This compound was made from alkyne 173 and azide 189 using method A as described 
for compound 149. Data for 180: ^H-NMR (300 MHz, CDCI3, partial): 5 7.55 (s, IH), 7.22-7.29 
(m, IH), 7.02 (d, J= 8 Hz, IH), 6.77 (m, IH), 5.01 (m, 2H), 4.63-4.66 (m, 3H), 4.21-4.37 (m, 
3H), 3.86 (m, IH), 3.60 (m, 2H), 3.41 (m, IH), 0.82 (t, J= 8 Hz, 3H). 
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Scheme 36 below depicts the synthesis of compoxmd 181 ftom azide 194 and alkyne 163. 
The synthesis of azide 194 began with the conversion of tert-butylamine to benzylcarbamate 

190. Carbamate 190 was treated with n-butyllithium and R-glycidyl butyrate to afford alcohol 

191. Mesylation to give 192 was followed by cleavage of the t-butyl group with trifluoroacetic 
acid to provide mesylate 193. Displacement of the mesylate with sodium azide yielded azide 
194. The azide was treated with alkyne 163 to afford triazole 181. 



Scheme 36 
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Synthesis of carbamate 190 

Sodium bicarbonate (34.48 g., 410.4 mmol) was dissolved in water (680 mL) and tert- 
butylamine (29 mL, 273.6 mmol) was added. The mixture was cooled to 0°C, and benzyl 
chloroformate (37 mL) was added. The mixture was stirred 5 min at 0°C, the cold bath removed, 
and then stirring was continued at room temperature overnight (-16 hours). The mixture was 
evaporated, and partitioned with a 1:1 mixture of ethyl acetate and water. The organic layer was 
washed with water, IN HCl, and then brine. The organic layer was dried withNa2S04, and 
evaporated to yield 190 (48.45 g., 85% yield) of suitable purity for use in subsequent reactions. 
Data for 190: ^HNMR (300 MHz, CDCI3): 5 7.37-7.26 (m, 5H), 5.04 (s, 2H), 4.77 (brs, IH), 1.31 
(s, 9H). 
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Synthesis of alcohol 191 

Carbamate 190 (40 g., 193 mmol) was dissolved in 540 mL tetrahydro&ran, and the 
solution cooled to -78°C. n-Butyllithium (2.5M in hexane, 85 mL, 212.4 mmol) was added 
slowly, and the mixture allowed to stir for 45 min at -78°C, R-Glycidyl butyrate (32.6 mL, 212.4 
mmol) was added, and the mixture was stirred for 1 h at -78°C. The bath was removed and the 
reaction allowed to stir overnight at room temperature. The mixture had become thick with 
solids, and an additional 150 mL of tetrahydrofuran was added, and stirring was continued for 
another hour. The reaction was quenched with 25 mL saturated ammonium chloride solution, 
and partitioned with ethyl acetate and water. The aqueous layer was extracted thrice with ethyl 
acetate, and the combined organic layer was washed with brine, dried (Na2S04)5 and evaporated 
to yield 191 (15.21 g., 46% yield) of suitable purity for use in subsequent reactions. Data for 
191: ^HNMR (300 MHz, CDCI3): 5 4.29 (dd, J= 9, 2 Hz, IH), 4.19 (dd (app), J= 8, 8 Hz, IH), 
3.94-3.87 (m, IH), 3.84-3.76 (m, IH), 3.71-3.61 (m, IH), 2.50-2.42 (m, IH), 1.44 (s, 9H). 

Synthesis of mesylate 192 

Alcohol 191 (9.00 g., 52.0 mmol) was dissolved in 215 mL methylene chloride, and the 
mixture cooled to O^C, Triethylamine (14.5 mL, 104 mmol) was added, followed by 
methanesulfonyl chloride (4.43 mL, 57.2 mmol). The mixture was allowed to warm to room 
temperature and stirred overnight. Methylene chloride (120 mL) was added, and the mixture 
washed twice Avith IN HCl, then twice with 10% aqueous sodium carbonate, and then brine. The 
organic phase was dried (Na2S04), and evaporated to half its volume. Hexane was added, and 
the solvents evaporated to form a white precipitate. Before the solution was allowed to 
evaporate to dryness, more hexane was added and evaporation continued. Again, before the 
solution was allowed to evaporate to dryness, it was filtered and the solid collected. The 
precipitate was dried to afford mesylate 192 (11.16 g., 85% yield). Data for 192: ^HNMR (300 
MHz, CDCI3): 8 4.39-4.34 (m, IH), 4.25-4.23 (m,2H), 4.18-4.12 (m, 2H), 3.10 (s, 3H), 1.47 (s, 
9H). 

Synthesis of mesylate 193 

A solution of mesylate 192 (562 mg, 2.20 mmol) in trifluoroacetic acid (8.0 mL) was 
heated at 60°C for 4 h. The reaction mixture was cooled to room temperature, and the solvent 
was evaporated. The remaining residue was thrice dissolved in chloroform (50 mL) and 
evaporated to afford mesylate 193 (450 mg, 100% yield) as a tan solid. Data for 193: ^HNMR 
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(300 MHz, DMSO): 5 7.86 (brs, IH), 4.34-4.27 (m, IH), 4.12-4.08 (m, 2H), 4.05-3.98 (m, 2H), 
3.14 (s, 3H). 



Synthesis of azide 194 

A solution of mesylate 193 (400 mg, 2.10 mmol) in dimethylformamide (4.0 mL) was 
treated with sodixmi azide (195 mg, 3.00 mmol) and the mixture heated to 80°C for 3 h. The 
reaction mixture was cooled to room temperature, diluted with ethyl acetate (100 mL), and 
washed with brine (2 x 50 mL). Drying (Na2S04), and evaporation provided azide 194 (105 mg, 
35% yield) as a yellow oil of suitable purity for use in subsequent reactions. Data for 194: 
^HNMR (300 MHz, CDCI3): 8 6.29 (s, IH), 4.45-4.40 (m, IH), 4.13-4.07 (m, IH), 3.97-3.78 (m, 
IH), 3.48-3.35 (m, 2H). 

Synthesis of triazole 181 

A solution of alkyne 163 (135 mg, 0.180 mmol) in tetrahydrofiiran (3.0 mL) was treated 
with azide 194 (50 mg, 0.350 mmol), i-Pr2NEt (1.00 mL, 5.30 nrniol) and copper (I) iodide (50 
mg, 0.270 mmol), and the mixture was stirred under argon at room temperature for 15 h. The 
reaction mixture was diluted with melhylene chloride (100 mL), washed with saturated aqueous 
NH4CI (50 mL), and brine (50 mL). The organic phase was dried (Na2S04), and evaporated. 
The residue was chromatographed on silica gel usmg a 5-20% gradient of methanol in 1 :1 ethyl 
acetate/methylene chloride as eluant to provide 80 mg of crude product. The crude was dissolved 
in melhylene chloride (100 mL) and washed with saturated aqueous NH4CI (3 x 100 mL) and 
dried again. Preparative thin layer chromatography (1 :4.5:4.5 methanol/methylene 
chloride/ethyl acetate as eluant) provided triazole 181 (9.0 mg, 6% yield) as a white fihn. Data 
for 181: MS (ESI) m/z 914 (M+H)"". toMR (300 MHz, CDCI3, partial): 5 7.54 (s, IH), 6.12 (s, 
IH), 5.01-4.95 (m, IH), 4.79 (d, J= 4 Hz, IH), 4.19-4.11 (m, 2H), 4.08-4.02 (m, 2H), 3.83 (s, 
IH), 3.74 (s, IH)), 3.48-3.30 (m, 4H), 3.23 (s, 3H), 3.09-2.90 (m, 4H), 2.87-2.73 (m, 4H), 2.70- 
2.50 (m, 2H), 2.28 (s, 3H), 0.80 (t (app), J= 7 Hz, 3H). 

Example 11 - Synthesis of Compounds 182-184 

Scheme 37 below depicts the synthesis of compoxmds 182-184 starting from 
clarithromycin (195). Clarithromycin is demethylated to afford secondary amine 196 which was 
subsequently alkylated with tosylate 155 to provide alkyne 197. Alkyne 197 was treated with 
azides 158, 188, and 189 to yield triazoles 182, 183, and 184 respectively. 
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Scheme 37 




Synthesis of amine 196 

To a mixture of clarithromycin (195) (1.00 g, L3 mmol) and NaOAc-SHiO (0.885 g, 6.5 
5 mmol) was added MeOH-HiO (20 mL, 4: 1), and the mixture heated to 55-60^C. Iodine (0.330 
1.3 mmol) was added portionwise and the reaction stirred at 55-60^C for 3 h. The reaction 
mixture was poured into 50 mL CHCI3 containing 1 mL ammonium hydroxide. It was extracted 
with CHCI3 (4 x 50 mL), washed with water (70 mL) containing 5 mL ammonium hydroxide, 
dried (anhydrous Na2S04), concentrated and purified by flash chromatography (silica gel, 
10 CHCl3:MeOH:NH40H 100:10:0.1) to afford 196. Yield: 0.9g (92%). 

Synthesis of alkyne 197 

To a solution of A^-desmethyl clarithromycin 196 (3.00 g, 4.08 mmol) and tosylate 155 
(1.40 g, 6.13 mmol) in THF (45 mL) was added Hxmig's base (15 mL) and the mixture was 
refluxed for 48 h. The reaction mixture was concentrated under reduced pressure and 
15 redissolved in CHCI3 (100 mL). The organic layer was washed with brine (3 x 100 mL), dried 
(over Na2S04), and concentrated under reduced pressure. After purification by flash 
chromatography (silica gel, 5% MeOH in CHCI3), 2.50 g (78% yield) of pure product 197 was 
obtained. Data for 197: ^BNMR (300 MHz, CDCI3. partial): 5 0.85 (t, 3H), 2.25 (s, 3H), 3.00 (s. 
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SH), 3.20 (s, IH), 3.25 (m, IH), 3.30 (s, 3H), 3.50 (m, IH), 3.55 (s, IH), 3.65 (d, IH), 3.75 (m, 
3H), 4.00 (s, IH), 4.05 (m, IH), 4.45 (d, IH), 4.95 (d, IH), 5.10 (dd, IH). 



Synthesis of triazole 182 

To a solution of alkyne 197 (0.100 g, 0.127 mmol), azide 158 (0.082 g, 0.254 mmol), and 
Hiinig's Base (0.417 mL) in THF (1.5 mL) was added Cul (0.030 g, 0.16 mmol), and the 
reaction mixture was stirred at room temperature for 2 hours. The reaction mixture was diluted 
with CHCI3 (50 mL), washed with saturated NH4CI (3 x 50 mL), dried over anhydrous Na2S04 
and concentrated under reduced pressure. The crude reaction mixture was purified on a silica gel 
column eluting with 3% 2M NHa-MeOH in CH2CI2 to afford 1, 4 triazole isomer 182 (0.125 g). 
Data for 182: ^HNMR (300 MHz, CDCI3, partial): 8 0.85 (t, 3H), 2.25 (s, 3H), 3.65 (d, IH), 4.10 
(t, IH), 4.40 (d, IH), 4.70 (dd, 2H), 4.90 (d, IH), 5.10-4.95 (m, 2H), 6.88 (t, IH), 7.00 (dt, IH), 
7.35 (dd, IH), 7.60 (s, IH). 

Synthesis of triazole 183 

The same protocol used above to synthesize target 182 was used for the cycloaddition of 
alkyne 197 (0.100 g, 0.127 mmol) and azide 188 (0.066 g, 0.254 nrniol) to afford target 183. 
Data for 183: ^HNMR (300 MHz, CDCI3, partial): 8 0.85 (t, 3H), 2.20 (s, 3H), 2.55 (s, 3H), 3.00 
(s, 3H), 3.30 (s, 3H), 3.70 (d, IH), 3.95-4.05 (m, 3H), 4.20 (t, IH), 4.45 (d, IH), 4.70 (dd, 2H), 
4.90 (d, IH), 5.10-5.00 (m, 2H), 7.55 (d, 2H), 7.60 (s, IH), 7.95 (d, 2H). 

Synthesis of triazole 184 

Cycloaddition of alkyne 197 (0.050 g, 0.0636 mmol) with azide 189 (0.030 g, 0.127 
mmol), using the same procedure for the synthesis of 182, afforded target 184 (0.0253 g). Data 
for 184: MS (ESI) m/z 1022.3 (M+H)""; ^HbfMR (300 MHz, CDCI3, partial): 8 0.86 (t, IH), 2.25 
(s, 3H), 3.00 (s, 3H), 3.30 (s, 3H), 3.50 (m, IH), 3.65 (s, IH), 4.10 (t, IH), 4.40 (d, IH), 4.70 (dd, 
2H), 4.85 (d, IH), 5.00 (m, 2H), 6.85 (bt, IH), 7.10 (bd, IH), 7.35 (bt, 2H), 7.60 (s, IH). 

Example 12 - Synthesis of Compound 185 

Scheme 38 below depicts the synthesis of compound 185 starting firom alkyne 197. 
Alkyne 197 is hydrolyzed with dilute acid to afford the des-cladinose derivative 198. The 
hydroxyl on the desosamine sugar of 198 was acetylated to afford alcohol 199 which was then 
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oxidized to ketolide derivative 200. Deacylation of 200 provided alkyne 201, which was then 
treated with azide 158 to provide triazole 185. 



Scheme 38 




5 Synthesis of alcohol 198 

To 1he alkyne 197 (0.700 g) was added 10 mL 0.9N HCl and the mixture was stirred for 4 
h at room temperature. The reaction mixture was saturated with sodium chloride and was 
adjusted to pH 8 using aqueous NH4OH solution. The solution was extracted with ethyl acetate 
(3 X 30 mL), dried (with Na2S04), and concentrated under reduced pressure. Purification of the 
10 crude reaction mixture by flash chromatogmphy (silica gel, 60% ethyl acetate in hexane) 

afforded 0.200 g (35% yield) of the descladmose derivative 198. Data for 198: ^HNMR (300 
MHz, CDCI3, partial): 8 0.82 (t, 3H), 2.25 (s, 3H), 3.00 (s, 3H), 3.25 (dd, IH), 3.55 (m, 2H), 3.70 
(s, IH), 3.85 (s, IH), 3.95 (s, IH), 4.40 (d, IH), 5.15 (dd, IH). 

Synthesis of acetate 199 

15 To a solution of 198 (0.200 g, 0.32 mmol) in acetone (2 mL) was added acetic anhydride 

(0.050 mL, 0.5 mmol) and the mixture was stkred overnight at room temperature. The reaction 
was quenched with water and extracted with ethyl acetate (3 x 50 mL). The combined organic 
fractions were washed with saturated sodium bicarbonate (3 x 50 mL), dried (anhydrous 
Na2S04), and concentrated under reduced pressure. The crude reaction mixture was purified by 

20 flash chromatography (sUica gel, 50% ethyl acetate in hexane) to yield 0.100 g (50% yield) of 
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acetate 199. Data for 199: ^HNMR(300 MHz, CDCI3, partial): 5 0.84 (t, 3H), 2.00 (s, 3H), 2.20 
(s, 3H), 2.90 (s, 3H), 3.00 (q, IH), 3.25 (s, IH, 3.47 (m, 2H), 3.70 (bs, IH), 3.82 (bs, IH), 3.97 
(s, IH), 4.60 (d, IH), 4.77 (dd, IH), 5.15 (dd, IH). 

Synthesis of ketolide 200 

5 To a solution of acetate 199 (0.090 g, 0.134 mmol), EDC-HCl (0.172 g, 0.90 mmol), and 

DMSO (0.171 mL, 2.41 mmol) in CH2CI2 (1.5 mL) was added dropwise a solution of pyridinium 
trifluoroacetate (0.174 g, 0.90 mmol) in CH2CI2 (1 mL) at 15°C. The reaction mixture was 
slowly warmed up to room temperature and stirred for 3 h. The reaction was quenched with 
water (2 mL), and allowed to stir for 30 min. The mixture was then poured into CHCI3 (50 mL), 

10 and the organic layer was washed with water (2 x 50 mL), dried (over anhydrous Na2S04), and 
concentrated under reduced pressure. The crude material was purified by flash chromatography 
(silica gel, 30% ethyl acetate in hexane) to yield 0.070g (78%) of the ketolide 200. Data for 200: 
MS (ESI) m/z 668 (M+H)""; ^HNMR (300 MHz, CDCI3, partial): 8 0.86 (t, 3H), 2.00 (s, 3H), 
2.24 (s, 3H), 2.70 (s, 3H), 2.95-3.10 (m, IH), 3.15-3.05 (m, IH), 3.45-3.65 (m, IH), 3.80 (q, IH), 

15 3.90 (s, IH), 4.28 (d, IH), 4.40 (d, IH), 4.76 (dd, IH), 5.10 (dd, IH). 

Synthesis of all^ne 201 

A solution of ketolide 200 (0.230 g) in MeOH (10 mL) was heated at 50°C for 48 h. The 
solvent was removed under reduced pressure to yield pure deacetylated product 201 (0.190 g, 
88%). Data for 201: MS (ESI) m/z 626 (M+H)""; ^HNMR (300 MHz, CDCI3, partial): 6 0.85 (t, 
20 3H), 2.25 (s, 3H), 2.70 (s, 3H), 2.97 (q, IH), 3.10 (t, IH), 3.18 (dd, IH), 3.5 (m, IH), 3.80-3.97 
(m, 2H), 4.32 (m, 2H), 5.15 (dd, IH). 

Synthesis of triazole 185 

To a solution of 201 (0.050 g, 0.080 mmol), azide 158 (0.050 g, 0.16 mmol), and Hunig's 
Base (0.417 mL) in THF (1.5 mL) was added Cul (0.030 g, 0.16 mmol), and the reaction mixture 
25 was stirred at room temperature for 2 h. It was diluted with CHCI3 (50 mL), washed with 
saturated NH4CI (3 x 50 mL), dried (anhydrous Na2S04) and concentrated under reduced 
pressure. The crude reaction mixture was purified by flash chromatography (silica gel, 3% 2M 
NH3-MeOH m CH2CI2) to afford 185 (0.043 g). Data for 185: MS (ESI) m/z 947 A (M+Hf; 
^HNMR (300 MHz, CDCI3, partial): 5 0.86 (t, 3H), 2.25 (s, 3H), 2.70 (s, 3H), 4.10 (t, IH), 4.30 
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(t, 2H), 4.70 (dd, 2H), 5.00 (m, IH), 5.10 (dd, IH), 6.90 (t, IH), 6.95 (dt, IH), 7.25 (dd, IH) 7.60 
(s, IH). 



Example 13 - Synthesis of Compounds 186 and 187 

Scheme 39 below depicts the synthesis of compounds 186 and 187. Azide 158 is treated 
5 3-hydroxypropionitrile to yield tetrazole 186. Tetrazole 186 was converted to tosylate 202 
which then served to alkylate amine 171 to afford tetrazole 187. 

Scheme 39 



158 




Synthesis of tetrazole 186 

10 A suspension of azide 158 (0.300 g, 0.940 mmol), 3-hydroxypropiomtrile (1 .0 mL, 14.2 

mmol) and zmc bromide (ZnBra) (0.212 g, 0.940 mmol) in 2-propanol/H20 (4:1) was heated 
under reflux for 40 h. The reaction was poured into CH2CI2 (50 mL) and H2O (20 mL) and 
carefully partitioned (caution: emulsion problem). The aqueous layer was back-extracted with 
CH2CI2 (3x30 mL). The combined organic layer was dried over Na2S04 and the solvent was 

15 evaporated. The crude was purified on siUca gel column eluting with 0-10% MeOH in CH2CI2 
to provide 186 (0.037 g, 10%). 'H-NMR (300 MHz, CDCI3, partial): 5 7.41 (dd, J= 14, 3 Hz, 
IH), 7.05-7.13 (m, 2H), 6.93 (t, J= 9 Hz, IH), 4.78 (m, IH), 3.65- 4.04 (m, lOH), 3.04 (t, J= 5 
Hz, 4H), 2.48 (t, J = 6 Hz, 2H). 

Synthesis of tosylate 202 

20 Tetrazole 186 (0.028 g, 0.071 mmol) was dissolved in CH2CI2 (2 mL) and EtsN (0.015 

mL, 0.107 mmol). To this solution was added p-toluenesulfonyl chloride (0.034 g, 0.179 mmol) 
and stirring was continued at room temperature for 24 h during which time a quantitative 
consumption of 186 was noticed by TLC (CH2Cl2/MeOH 9:1, Rf = 0.52). The reaction was 
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quenched with H2O/THF 10:1 within 30 min and then partitioned between 10 % NaHCOs (15 
mL) and CH2CI2 (20 mL). The two layers were separated; the organic layer was washed with 
saturated brine (3X15 mL) and dried over Na2S04. The solvent was evaporated, and the crude 
was purified on a silica gel column eluting with 0-3 % MeOH in CH2CI2 to provide 202 (0.03 Ig, 

80%). 

Synthesis of tetrazole 187 

Compound 187 was made firom des(N-methyl)-azithromycin 171 and tosyltetrazole 202 
using method B as described for compound 149. Data for 187: ^H-NMR (300 MHz, CDCI3, 
partial): 8 7.40 (dd, J= 14, 3 Hz, IH), 6.98 (dd, J= 9, 2 Hz, IH), 6.84 (t, J= 9 Hz, IH), 5.05 (m, 
IH), 4.62-4.65 (m, 3H), 4.34 (d, J= 7 Hz, IH), 4.19 (bs, IH), 3.80 (t, J= 5 Hz, 4H) , 2.98 (t, J= 
5 Hz, 4H), 0.82 (t, J= 7 Hz, 3H). 

Example 14 - Synthesis of Compounds 203 and 204 

Scheme 40 below depicts the synthesis of compounds 203 and 204. Known azide 253 
(see: International Patent Application WO 03/035648) was coupled to 4- 
hydroxymethylphenylboronic acid to yield biaryl azide 254. Cycloaddition of 254 to alkynes 
173 and 197 delivers macrolide targets 203 and 204 respectively. 

Scheme 40 

203 




Synthesis of biaryl azide 254 

Azide 253 (0.300 g, 0.830 mmol), and 4-hydroxymethylphenylboronic acid (0.152 g, 
1.00 mmol) were dissolved in toluene. Potassium carbonate (0.345 g, 2.50 nrniol), 
tetrakis(ti-iphenylphosphme)palladium (0.040 g, 0.035 mmol), ethanol (3 mL) and water (3 mL) 
were added, and the reaction was degassed thrice before being heated to reflux for two hovirs. 
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The reaction was allowed to cool to room temperature, and then was partitioned between ethyl 
acetate (10 mL) and water (10 mL). The layers were separated, and the aqueous phase extracted 
with etiiyl acetate (2 X 10 mL). The combined organic layers were washed with water (10 mL) 
and brine (10 mL). The organic layer was dried with MgS04, and evaporated. Thecaiidewas 
purified on silica gel column eluting with 20-50% EtOAc in CH2CI2 to provide 254 (0.163 g, 
0.476 mmol; 57% yield). 

Synthesis of triazole 203 

This compound was obtained from the reaction of alkyne 173 (0.075g, 0.095 mmol) with 
azide 254 (0.049g, 0.143 mmol) in the presence of Cul (0.029g, 0.143 mmol) in THF (3 mL) and 
i-Pr2NEt (0.6 mL) at room temperature withm 6 h. The crude reaction was concentrated and 
then purified on silica gel eluting with CH2CI2/ MeOH/NH40H 30:1 :0.05 to 25:1 :0.05 to 
20:1:0.05 to 18:1:0.05 to 15:1:0.05 to give 203 as a white soUd. Data for 203: MS (ESI) m/z 
1 129.4 (M+H)"^; ^H-NMR (300 MHz, CDCI3, partial): 5 7.65 (s, IH), 7.53-7.33 (m, 6H), 7.19 
(d, J= 8 Hz, IH), 5.03 (m, 2H), 4.70-4.76 (m, 5H), 4.42 (d, J= 1 Hz, IH), 4.28 (d, J= 3 Hz, 
IH), 4.06 (m, 3H), 3.67 (m, 2H), 3.43 (m, IH), 0.82 (m, 7H). 

Synthesis of triazole 204 

A solution of alkyne 197 (100 mg, 0.127 mmol) m tetrahydrofuran (3.0 mL) was treated 
with azide 254 (50 mg, 0.15 mmol), i-Pr2NEt (0.664 mL, 3.81 mmol) and copper (I) iodide (48.4 
mg, 0.254 mmol), and the mixture was stirred under argon at room temperature for 15 h. The 
reaction mixture was diluted with methylene chloride (50 mL), washed with saturated aqueous 
NH4CI (3 X 50 mL), and brine (2 x 50 mL). The organic phase was dried (Na2S04), and 
evaporated. The residue was chromatographed on silica gel using a 4-10% gradient of methanol 
in chloroform as eluant to provide 69 mg of pure product 204 as a white powder. Data for 204: 
MS (ESI) m/z 1128.5 (M+H)"", 1150.4 (M+Na)"". ^HNMR (300 MHz, CDCI3, partial): 8 7.72 (s, 
IH), 7.52-7.38 (m, 6H), 7.17 (dd, J= 8, 2 Hz, IH) 5.06-5.03 (m, 2H), 4.92 (d, J= 4 Hz, IH), 
4.42 (d, J= 7 Hz, IH), 4.18 (t, IH), 0.82 (t, J= 7 Hz, 3H). 

Example 15 - Synthesis of Compound 205 

Scheme 41 depicts the synttiesis of compound 205. Available amine 255 was bis- 
silylated and the amine alkylated to afford diethyl amine derivative 256. The nitro group of 256 
was reduced and the resultant amine converted to the benzyl carbamate 257. Conversion of 257 
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via standard methods to the oxazolidinone 258 was followed by formation of the azides 259 and 
260. Azide 260 was treated with alkyne 173 to afford the triazole cycloadduct which was 
subsequently desilylated to afford compound 205. 



Scheme 41 
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Synthesis of amine 256 

To a suspension of amine 255 (2.00 g, 9.33 mmol) in a 1.0 M CH2CI2 solution of TBSCI 
(22.40 mL, 22.40 mmol) and anhydrous CH3CN (10 mL) was added DBU (2.96 mL, 19.56 
mmol) at 0°C. A clear homogenous solution resulted within a few minutes of the DBU addition 
1 0 and the reaction was stirred at room temperature for 24 h. The reaction was poured into CH2CI2 
(60 mL) and extracted with saturated NaHCOs (3 x 30 mL), saturated NH4CI (2 x 30 mL), 
saturated brine, and then the organic phase was dried over Na2S04. The solvent was evaporated 
to give a light yellow oil which was used without further purification. 

To a solution of the cmde product obtained above (2.00 g, 4.54 mmol) in THF (25 mL) 
15 and i-Pr2NEt (10 mL) was added iodoethane (5.00 mL, 61 .35 mmol) and the mixture was heated 
between 70°C to 75°C for 48 h. The reaction was worked-up as described in the first step above. 
The crude was purified on silica gel eluting with hexanes/EtOAc 12:1 to 8:1 to give compound 
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256 as a light yellow oil (1.16 g, 51%). Data for 256: ^H-NMR, (300 MHz, CDCI3): 8 8.08 (d, J 
= 9 Hz, 2H), 7.41 (d, J= 9 Hz, 2H), 4.99 (d, J= 3 Hz, IH), 3.79 (m, IH), 3.65 (m, IH), 2.59 (m, 
2H), 2.48 (m, IH), 2.37 (m, 2H), 0.86 (s, 9H), 0.84 (s, 9H), 0.63 (t, J= 7 Hz, 6H), 0.00 (bs, 9H), 
-0.29 (s, 3H). 

Synthesis of carbamate 257 

Compound 256 (1.16 g, 2,34 mmol) was dissolved in absolute EtOH (30 mL) and THF (6 
mL). To this solution was added Pd-C (10 wt %, Degussa, 0.1 1 g) and the reaction was kept 
under a hydrogen environment using a balloon. TLC after stirring for 48 h revealed a complete 
consumption of starting material. The reaction was filtered and the filtrate evaporated to give a 
yellow oil. The crude oil was dissolved in acetone (30 mL) and water (10 mL). The resulting 
mixture was kept at 0°C while NaHCOs (0.46 g, 5.5 mmol) and CBZCl (0.42 mL, 2.81 mmol) 
were added. The reaction was allowed to warm up to room temperature and stirred for 4 h. The 
reaction was poured into CH2CI2 (60 niL) and extracted with saturated NaHCOa (3 x 30 mL), 
saturated NH4CI (2x30 mL), and the organic phase was dried over Na2S04. The solvent was 
evaporated to give a yellow oil. The crude was purified on silica gel column, eluting with 1-4 % 
MeOH in CH2CI2 to give 257 as a yellow oil (1 .02 g, 72%). Data for 257: ^H-NMR (300 MHz, 
CDCI3): 8 7.37-28 (m, 9H), 5.17 (s, 2H), 4.84 (d, J= 4 Hz, IH), 3.77 (m, IH), 3.60 (m, IH), 
2.69-2.43 (m, 5H), 0.88 (s, 9H), 0.85 (s, 9H), 0.75 (t, J= 7 Hz, 6H), 0.00 (bs, 9H), -0.29 (s, 3H). 

Synthesis of alcohol 258 

Carbamate 257 (1.02 g, 1.69 mmol) was dissolved in anhydrous THF (10 mL) and the 
solution was cooled to -78''C. n-Butyllithium (2.5 M in Hexanes) (0.87 mL, 2.1 8 mmol) was 
added and the reaction was maintained at -78''C for Ih. (R)-Glycidyl butyrate (0.31 mL, 2.184 
mmol) was added, the reaction was allowed to warm up to room temperature and stirred for 
about 16 h. The reaction was partitioned between saturated NH4CI (30 mL) aad CH2CI2 (50 
mL). The organic layer was washed with saturated NH4CI (2 x 30 mL), saturated brine (1 x 30 
mL), and then dried over Na2S04. The solvent was evaporated, and the residue was dissolved in 
MeOH (20 mL) containing a catalytic amount of sodium methoxide, and the solution was stirred 
at room temperature for 45 min. The solvent was evaporated, the crude was taken up into CH2CI2 
(50 mL) and extracted wiih saturated NH4CI (2 x 30 mL). The organic phase was dried over 
Na2S04 and concentrated. The residue was purified on silica gel colunm, eluting with 5-6 % 
MeOH in CH2CI2 to give 258 as a white foam (0.53 g, 56%). Data for 258: ^H-NMR (300 MHz, 
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CDCI3): 5 7.52 (d, J= 9 Hz, 2H), 7.41 (d, J= 9 Hz, 2H), 4.87 (d, J= 3 Hz, IH), 4.70 (m, IH), 
4.02-3.92 (m, 3H), 3.76 (m, 2H), 3.62 (m, IH), 2.63-2.43 (m, 5H), 0.88 (s, 9H), 0.85 (s, 9H), 
0.74 (t, J- 7 Hz, 6H), 0.00 (bs, 9H), -0.28 (s, 3H). 

Synthesis of azides 259 and 260 

To a solution of oxazolidinone 258 (0.53 g, 0.935 mmol) in anhydrous CH2CI2 (15 mL) 
and EtsN (0.28 mL, 2.00 mmol) at 0*^0 was added MsCl (0.14 mL, 1.8 mmol). The reaction was 
stirred at 0°C for 2 h and the reaction was poured into saturated NaHCOs (30 mL) and CH2CI2 
(50 mL) and the two layers were separated. The organic layer was extracted with H2O (2 x 30 
mL), saturated brine (1 x 30 mL), and dried over Na2S04. The solvent was evaporated to give a 
yellow oil. The cmde was talcen up in DMF (10 mL), NaNs (0.24 g, 3.74 mmol) was added, and 
the reaction was heated at 75*^C for 24 h. Water (40 mL) was added and the reaction was 
extracted with EtOAc (3 x 40 mL). The combiaed organic layer was extracted with saturated 
brine (1 x 50 mL) and dried over Na2S04. The solvent was evaporated and the cmde was 
purified on a siUca gel colunm., eluting with 1-6 % MeOH in CH2CI2 to give azide 259 (0.378 g) 
and azide 260 (0.027 g). Data for azide 259: ^H-NMR (300 MHz, CDCI3): 5 7.54 (d, J= 9 Hz, 
2H), 7.41 (d, J= 9 Hz, 2H), 4.87 (d, J= 3 Hz, IH), 4.70 (m, IH), 4.02-3.92 (m, 3H), 3.77-3.74 
(m, 2H), 3.62 (m, IH), 2.63-2.43 (m, 5H), 0.88 (s, 9H), 0.85 (s, 9H), 0.71 (t, J= 1 Hz, 6H), 0.00 
(bs, 9H), -0.28 (s, 3H). Data for azide 260: MS (ESI) m/z 478.1 (M+H)""; ^H-NMR (300 MHz, 
CDCI3): S 7.59 (d, J= 9 Hz, 2H), 7.49 (d, J= 9 Hz, 2H), 4.86 (m, IH), 4.46 (d, J= 10 Hz, IH), 
4.20 (t, J= 9 Hz, IH), 3.95 (m, IH), 3.81-3.61 (m, 4H), 2.98-2.94 (m, 2H), 2.79-2.71 (m, 3H), 
1.22 (t, J= 7 Hz, 6H), 0.93 (s, 9H), 0.00 (s, 3H), 0.00 (s, 3H). 

Synthesis of compound 205 

Alkyne 173 (0.038 g, 0.045 mmol) and azide 260 (0.027g, 0.057 mmol) were subjected 
to the cycloaddition reaction in the presence of Cul (0.029g, 0.143 mmol) in THF (3 mL) and i- 
Pr2NEt (0.6 mL) at room temperature for 2h. The reaction was poured into a mixture containing 
saturated NH4CI/NH4OH (pH = 9.5, 30 mL) and extracted with CH2CI2 (3 x 30 mL). The 
combined organic layer was dried over Na2S04 and the solvent evaporated. The cmde was 
purified on silica gel eluting with CH2Cl2/MeOH/NH40H 15:1:0.05 to give a white solid (0.048 

g). 

The product obtained above (0.047 g) was dissolved in CH2CI2 (2 mL) and a freshly 
prepared solution of 1.34 M i\^,JVW-tetramethylethylenediamine hydrofluoride (TEMED HF) 



240 



wo 2004/029066 PCT/US2003/030478 

in acetonitrile (0,5 mL, 0.67 nunol) was added. Stirring was continued for 3 h and the reaction 
was concentrated- Thie crude was purified on a silica gel column, eluting with CHCI3/ 
MeOH/NEUOH 15:1 :0.05 to give a slightly impure white solid. This was re-purified on a second 
silica gel column eluting with CH2Cl2/MeOH/NH40H 18:1:0.04 to 16:1:0.04 to give 205 as a 
5 wliite solid (0.018 g). Data for 205: MS (ESI) m/z 1172.5 (M+Na)"*"; ^H-NMR (300 MHz, 

CDCI3, partial): 6 7.61 (s, IH), (m, 4H), 4.89 (m, 2H), 4.58 (m, 3H), 4.17 (d, J= 9 

Hz, IH), 4.04 (m, 2H), 3.76 (m, IH), 3.46-3.31 (m, 4H), 2.85 (d, J- 9 Hz, IH), 0.75 (m, 7H). 

Example 16 - Synthesis of Compounds 206 and 207 

Scheme 42 depicts the synthesis of targets 206 and 207. The aromatic substitution 
1 0 reaction of 3 ,4-difluoronitrobenzene and 2-(methylamino)ethanol provided nitroaniline 261 . The 
alcohol of 261 was protected and the nitro group was reduced to afford amine 262. Conversion 
of 262 to carbamate 263 was followed by synthesis of the oxazolidinone 264. Alcohol 264 was 
converted to azides 265 and 266, and the latter was acylated to afford azide 267. The 
cycloaddition of 266 and 267 with alkyne 173 afforded targets 206 and 207 respectively. 



15 Scheme 42 
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Synthesis of amine 261 

To a solution of 3,4-difluoronitrobenzene (2.4 mL, 29.72 mmol) in EtOAc (20 mL) and i- 
PraNEt (5.1 mL, 29.30 mmol) was slowly added 2-(metiiylaniino)ethanol (3 mL, 27.10 mmol) at 
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0*^C. The reaction was allowed to warm up to room temperature and stirring was continued 
overnight The reaction was poured into EtO Ac (30 mL) and extracted with H2O (50 mL). The 
aqueous layer was basified with KOH pellets (pH 10.0) and extracted with CH2CI2 (3 x 30 mL). 
The combined organic layer was dried over Na2S04 and the solvent evaporated to give a yellow 
solid residue. The crude was dissolved in 6 N HCl (60 mL) at 0^*0, extracted with CH2CI2 (3 x 
30 mL), and the organic layer was back extracted with 6 N HCI (25 mL). The combined acid 
layer was basified with KOH pellets at O'^C and extracted with CH2CI2 (4 x 40 mL). The organic 
phase was dried over Na2S04 and the solvent evaporated to give 261 as a yellow solid (Rf = 0.56, 
CH2Cl2/MeOH, 4,59 g, 79%). Data for 261: MS (ESI) m/z 214.7 (M+H)*". 

Synthesis of amine 262 

Compound 261 (4.5 g, 21 mmol), imidazole (2.91 g, 42 mmol) and DMAP (0.26 g, 2.1 
mmol) were dissolved in anhydrous CH2CI2 (50 mL). To this solution was added TBSCl (3.33 g, 
22.10 mmol) and stirring was continued for 2 h. CH2CI2 (30 mL) was added and the mixture 
was extracted with saturated NaHCOs (2 x 50 mL) and saturated brine (Ix 50 mL). The organic 
phase was dried over Na2S04 and evaporated to give a yellow oil. The oil was dissolved in 
absolute EtOH (50 mL) and THF (10 mL). To this solution was added Pd-C (10 wt %, Degussa, 
0.50 g) and the reaction was kept under a hydrogen environment using a balloon. TLC after 
stirring for 24 h revealed a complete consumption of starting material. The reaction was filtered 
and the filtrate evaporated to give 262 as a red oil which was used in fiirther reactions without 
fiirfher purification. Data for 262: MS (ESI) m/z 298.7 (M+H)"". 

Synthesis of oxazolidinone 264 

Crude oil 262 was dissolved in acetone (60 mL) and water (20 mL). The resulting 
mixture was kept at 0°C, and NaHCOs (4.13 49.40 mmol) and CBZCl (3.77 mL, 25.22 mmol) 
were added. The reaction was allowed to warm up to room temperature and stirring continued 
for 2 h. The reaction was poured into CH2CI2 (120 mL) and extracted with saturated NaHCOa (2 
X 50 mL) aad saturated brine (1 x 50 mL). The organic phase was dried over Na2S04 and 
evaporated to give carbamate 263 as a red oily residue. 

The crude 263 above was dissolved in anhydrous THF (50 mL) and the solution was 
cooled to -78''C. n-Butyllithium (2.5 M in Hexanes) (10.8 mL, 27 mmol) was added and the 
reaction was maintained at -78°C for Ih. (R)"Glycidyl butyrate (3.83 mL, 27 mmol) was added, 
the reaction was allowed to warm up to room temperature, and stirring was continued for about 
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16 h. The reaction was poiired into EtOAc (100 mL), extracted with saturated NaHCOa (2 x 60 
mL) and saturated brine (1 x 60 mL). The organic phase was dried over Na2S04 and evaporated. 
The residue was dissolved in MeOH (50 mL) containing sodium methoxide (25 % wt/vol in 
MeOH, 0.3 mL) and the solution was stirred at room temperature for 30 min. The solvent was 
evaporated, and the crude was poured into EtOAc (100 mL), and washed with saturated NaHCOa 
(1 X 60 mL) and saturated brine (1 x 60 mL). The organic phase was dried over Na2S04 and 
evaporated to give a brown oily residue. The residue was purified on a siUca gel column, eluting 
with CHiCla/MeOH 25:1 to 20:1 to give 264 as a brown solid (5.93 g, 71%). Data for 264: MS 
(ESI) m/z 399.0 (M+H)^. 

Synthesis of azides 265 and 266 

To a solution of oxazolidinone 264 (3.00 g, 7.54 mmol) m anhydrous CH2CI2 (40 mL) 
and EtsN (2.16 mL, 15.45 mmol) at 0°C was added MsCl (1.03 mL, 13.20 mmol). The reaction 
was stirred at 0°C for 2 h and then was poured into saturated NaHCOa (60 mL) and CH2CI2 (100 
mL) and the two layers separated. The organic layer was extracted with H2O (2 x 40 mL), 
saturated brine (1 x 40 mL) and dried over Na2S04. The solvent was evaporated to give a brown 
oil. The crude was taken up in DMF (25 mL), thenNaNs (2.00 g, 30.16 mmol) was added and 
the reaction was kept at 70°C for 18 h. Water (60 mL) and EtOAc (100 mL) were added and liie 
two layers separated. The aqueous layer was extracted with EtOAc (2 x 50 mL), and the 
combined organic layer was dried over Na2S04 and evaporated. The crude was purified on a 
sUica gel column, eluting with CH2Cl2/MeOH 30:1 to 24:1 to 20:1 to give azide 265 (2.16 g, 68 
%, white solid) and azide 266 (0.33 g, 14 %, brown foam). Data for azide 265: MS (ESI) m/z 
424.0 (M+H)*; ^H-NMR (300 MHz, CDCI3): 6 7.35 (dd, J= 15, 3 Hz, IH), 7.06 (dd, J= 9, 2 
Hz, IH), 6.88 (m, IH), 4.75 (m, IH), 4.02 (t, J= 9 Hz, IH), 3.81-3.74 (m, 3H), 3.67 (dd, J= 13, 
5 Hz, IH), 3.57 (dd, J= 13, 4 Hz, IH), 3.28 (t, J= 6 Hz, 2H), 2.90 (s, 3H), 0.85 (s, 9H), 0.01 (s, 
6H). Data for azide 266: MS (ESI) m/z 309.8 (M+H)""; ^H-NMR (300 MHz, CDCI3): 8 7.37 (dd, 
J= 15, 3 Hz, IH), 7.06 (dd, J= 9, 3 Hz, IH), 6.94 (t, J= 6 Hz, IH), 4.77 (m, IH), 4.03 (t, J== 9 
Hz, IH), 3.80-3.56 (m, 5H), 3.20 (t, J = 6 Hz, 2H), 2.81 (s, 3H). 

Synthesis of azide 267 

To a solution of azide 266 (0.16 g, 0.52 mmol) m THF (5 mL) and EtsN (0.10 mL, 0.68 
mmol) was added AC2O (0.065 mL, 0.68 mmol) and a few grains of DMAP at room temperature. 
Stirring was continued for 3 h, then the reaction was quenched with aqueous MeOH, poured into 
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NaHCOs (30 mL), and extracted with CH2CI2 (50 mL). The CH2CI2 layer was extracted once 
with saturated brine (30 mL) and dried over Na2S04. The solvent was evaporated to give 267 as 
abrown oil (0.182 g, 99%). MS (ESI) m/z 351.9 (M+H)''. 

Synthesis of triazole 206 

This compound was obtained from the reaction of alkyne 173 (0.315 g, 0.40 mmol) with 
azide 266 (0.16 g, 0.52 mmol) in the presence of Cixl (0.057 g, 0.30 mmol) in THF (10 mL) and 
i-Pr2NEt (0.1 mL) at room temperature withhi 30 min under argon. Satvirated NH4CI (30 mL) 
was added, and stirring was continued for 5 min. The reaction was basified with NH4OH to pH 
9.0. CH2CI2 (40 mL) was added, the two layers were separated, and the aqueous layer was 
extracted with CH2CI2 (2 x 25 mL). The combined organic layer was dried over Na2S04 and the 
solvent evaporated. The crude was purified on silica gel eluting with CH2Cl2/MeOH/NH40H 
18:1:0.05 to 15:1:0.05 to 12:1:0.05 to give 206 as a white solid (0.426 g, 97%). Data for 206: 
MS (ESI) m/z 1096.4 (M+H)+; ^H-NMR (300 MHz, CDCI3, partial): 6 7.61 (s, IH), 7.24 (dd, J 
= 15, 2 Hz, IH), 6.90 (m, 2H), 5.00 (m, 2H), 4.69 (m, 3H), 4.43 (d, J= 7 Hz, IH), 4.24 (m, 2H), 
3.88 (m, IH), 3.74 (t, J= 5 Hz, 2H), 0.88 (m, 7H). 

Synthesis of triazole 207 

This compound was obtained from the reaction of alkyne 173 (0.315 g, 0.40 mmol) with 
azide 267 (0.182 g, 0.52 mmol) as described for triazole 206 above. The CTude was purified on 
silica gel, first eluting with CH2Cl2/MeOH 18:1 to remove unreacted 267, then with 
CH2Cl2/MeOH 15:1 to 12:1 to 10:1 containing a trace amount of ISIH4OH to give 207 as a white 
solid (0.42 g, 92%). Data for 207: MS (ESI) m/z 1 138.3 (M+Jlf; ^H-NMR (300 MHz, CDCI3, 
partial): 5 7.62 (s, IH), 7.29 (dd, J= 15, 2 Hz, IH), 6.93 (m, IH), 6.85 (t, J= 9 Hz, IH), 5.01 
(m, 2H), 4.66 (m, 3H), 4.22 (t, J= 6 Hz, 2H), 3.89 (m, IH), 3.38 (t, J= 6 Hz, 2H), 0.89 (m, 7H). 

Example 17 - Synthesis of Triazole 208 

Scheme 43 depicts the synthesis of triazole 208. Azide 188 was converted to benzylic 
alcohol 268, which was subsequently converted to triazole 208 using the copper-catalyzed 
cycloaddition chemistry described above. 
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Synthesis of azide 268 

A solution of azide 188 (0.38 g, 1.43 mmol) in anhydrous THF (5 mL) was cooled to - 
5 78°C. To this solution was slowly added 1 M methyl magnesivimbromide (CHsMgBr) in butyl 
ether (1 .5 mL, 1 .50 mmol) wilMn 20 min. The reaction was allowed to warm up to room 
temperature and stirring was continued for 3 h. The reaction was quenched with H2O (20 mL) 
and extracted with CH2CI2 (40 mL). The organic layer was extracted with saturated brine (25 
mL), dried over Na2S04 and the solvent evaporated. The crude was piH^ified on silica gel eluting 
10 with EtOAc/Hexanes 3:1 to 5:1 to give azide 268 as a white foam (0.178 g, 45%). Data for 268: 
MS (ESI) m/z 276.8 (M+H)"". 

Synthesis of triazole 208 

This compound was obtained from the reaction of aUcyne 173 (0.20 g, 0.25 mmol) with 
azide 268 (0.095 g, 0.34 mmol) as described for triazole 206 above except that the reaction was 

15 furst quenched with saturated NH4CI/NH4OH 5:1 (pH = 9.5, 30 mL) before the usual CH2CI2 

extraction. The crude was purified on silica gel, first eluting with CHiCh/MeOH 12:1, then with 
CH2Cl2/MeOH/NH40H 15:1:0.05 to 12:1:0.05 to give 208 as a white solid (0.056 g). Data for 
208: MS (ESI) m/z 1063.4 (M+H)""; ^H-NMR (300 MHz, CDCI3, partial): 5 7.63 (s, IH), 7.48 
(d, J= 9 Hz, 2H), 7.37 (d, J= 9 Hz, 2H), 5.03 (m, 2H), 4.72 (m, 3H), 4.44 (d, J= 7 Hz, IH), 

20 4.30 (d, J= 5 Hz, IH), 4.16 (t, J= 9 Hz, IH), 3.92 (m, IH), 3.67 (m, 2H), 0.90 (m, 7H). 

Example 18 - Synthesis of Triazole 209 

Scheme 44 shows the synthesis of triazole 209. 3-Aminopyridine was converted to 
carbamate 269 which was subsequently transformed to azide 271 usmg chemistry similar to that 
reported above. CycloadditLon of 271 with alkyne 173 yielded triazole 209. 
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Scheme 44 
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Synthesis of alcohol 270 

Oxazolidinone 270 was synthesized from 3-aminopyridine using the chemistry reported 
5 for the conversion of amine 262 to alcohol 264 (Example 16). The crude was purified on silica 
gel column, eluting with CHaCk/MeOH 19: 1 to give 270 as a white solid (46%). Data for 270: 
MS (ESI) m/z 194.7 (M+H)"". 

Synthesis of azide 271 

Azide 271 was synthesized fi-om alcohol 270 as described for the synthesis of azides 259 
1 0 and 260 (Example 1 5) except that the sodixmi azide reaction with the intermediate mesylated 

derivative of 270 was complete within 2 h. The reaction was worked-up with saturated NaHCOs 
(30 mL) and EtOAc (4 x 40 niL). The organic phase was dried over Na2S04 and evaporated. 
The crude was purified on silica gel, eluting with CHiCVMeOH 17: 1 to give 271 as a colorless, 
thick oil (81%). Data for 271: MS (ESI) 220,0 (M+H)'";^H-NMR (300 MHz, CD 5 
15 8.60 (d, J= 2 Hz, IH), 8.35 (dd, J= 5, 1 Hz, IH), 8.07 (m, IH), 7.28 (dd, J= 8, 5 Hz, IH), 4.83 
(m, IH), 4.11 (t, J= 9 Hz, IH), 3.87 (dd, J= 9, 6 Hz, IH), 3.72 (dd, J= 14, 4 Hz, IH), 3.57 (dd, 
J= 14, 5 Hz, IH). 

Synthesis of triazole 209 

This compouad was obtained from the reaction of alkyne 173 (0.17 g, 0.22 mmol) with 
20 azide 271 (0.080 g, 0.36 mmol) as described for triazole 206 above (Example 16) except that the 
reaction was allowed to stu: for 12 h. The crude was pxnified on siUca gel, first eluting with 
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CHzClz/MeOH 17:1, then with CHjClz/MeOH/imiOH 17:1:0.05 to 15:1:0.05 to 12:1:0.05 to 
10:1:0.05 to give 209 as a white soM (0.117 g, 54%). Data for 209: MS (ESI) m/z 1006.5 
(M+H)*; ^H-NMR (300 MHz, CDCI3, partial): 6 8.67 (d, J= 3 Hz, IH), 8.36 (dd, J= 5, 1 Hz, 
IH), 7.84 (m, IH), 7.62 (s, IH), 7.28 (m, IH), 5.16-5.05 (m, 2H), 4.75 (d, J= 4 Hz, 2H), 4.45 
(d, J= 7 Hz, IH), 3.64 (t, J= 7 Hz, IH), 0.88 (m, 7H). 

Example 19 - Synthesis of Triazole 210 

Triazole 210 was synthesized by dealkylation of compoimd 149 (Scheme 45). 
Scheme 45 




I2. NaOAc 



MeOH, H2O, reflux, 1h 



OH irH, 




10 Synthesis of triazole 210 

Compound 149 (0.20 g, 0.183 mmol) andNaOAc (0.15 g, 1.83 mmol) were dissolved in 
80% aqueous MeOH (5 mL), and the mixture was heated under gentle reflux for 1 h. The 
reaction was allowed to cool to room temperature and H2O/NH4OH 8: 1 (9 mL) was added. The 
mixture was extracted with CH2CI2 (3 x 20 mL), the combined organic layer was extracted with 

1 5 H2O/NH4OH 5 : 1 (20 mL), dried over Na2S04 and the solvent evaporated. The crude was 

purified on silica gel eluting with CH2Cl2/MeOH/H20 (containing a trace of NH4OH) 20:1:0.05 
to 18:1:0.05 to 15:1:0.05 to 12:1:0.05 to give 210 as a white soUd (0.049 g). Data for 210: MS 
(ESI) m/z 1079.4 (M+Na)*; ^H-NMR (300 MHz, CDCI3, partial): 8 7.55 (s, IH), 7.25 (dd, J= 
14, 2 Hz, IH), 6.91 (dd, J= 9, 2 Hz, IH), 6.82 (t, J= 9 Hz, IH), 4.96 (m, 2H), 4.81 (d, J= 4 Hz, 

20 IH), 4.64 (m, 2H), 4.3 1 (d, J= 7 Hz, IH), 4.05 (t, J= 9 Hz, IH), 3.47 (d, J= 7 Hz, 2H), 2.29- 
2.25 (m, 2H), 0.78 (t, J = 7 Hz, 3H). 
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A solution of alkyne 198 (136 mg, 0.216 imnol) in tetrahydrofuran (3.0 mL) was treated 
with azide 158 (104 mg, 0.325 mmol), i-Pr2NEt (1.1 mL, 6.58 mmol) and copper (I) iodide (82 
mg, 0.432 mmol), and the mixture was stirred under argon at room temperature for 15 h. The 

5 reaction mixture was diluted wilh methylene chloride (50 mL), washed with saturated aqueotis 
NH4CI (3 X 50 mL), and brine (2 x 50 mL). The organic phase was dried (Na2S04), and 
evaporated. The residue was chromatographed on silica gel using a 4-10% gradient of methanol 
in methylene chloride as eluant to provide 211 as a white solid (0.1 12 g, 0.1 18 mmol, 56%). 
Data for 211: MS (ESI) m/z 949.3 (M+H)""; ^HNMR (300 MHz, CDCI3, partial): 6 7.68 (s, IH), 

10 7.33 (dd, J= 2, 14 Hz, IH), 6.97 (dd, J= 2, 9 Hz, IH), 6.89 (t, J= 9 Hz, IH), 5.16 (dd, J= 3, 11 
Hz, IH), 5.09-4.99 (m, IH), 4.72 (ddd, J= 4, 15, 18 Hz, 2H), 4.36 (d, J= 1 Hz, IH), 4.13 (t, J= 
9 Hz, 2H), 0.83 (t, J= 7 Hz, 3H). 

Example 21 - Synthesis of Triazole 212 

To a mixture of alkyne 201 (48 mg, 0.076 mmol), azide 189 (19.9 mg, 0.084 mmol) and 
1 5 copper (I) iodide (8 mg, 0.03 8 mmol) was added THF (3 mL) and the mixture was repeatedly 
degassed and flushed with argon. Then i-PraNEt (0.1 mL) was introduced and the mixture was 
stirred at room temperature for 1 h. The reaction mixture was potired into NH4CI (30 mL) and 
stirred for few minutes. Then NH4OH (3 mL) was added and the mixture was extracted with 
methylene chloride (3 x 40 ml). The combined organic layers were dried (Na2S04), concentrated 
20 and flash chromatographed over siUca gel (methylene chloride: MeOH : NH4OH = 48:2:0.05) to 
provide 212 (55 mg, 0.06 mmol, 79%). Data for 212: MS (ESI) m/z 862.3 (M+H)""; ^HNMR 
(300 MHz, CDCI3, partial): 8 7.60 (s, IH), 7.32 (m, IH), 7.09 (dd, J- 3, 9 Hz, IH), 6.85 (brt, 
IH), 0.86(t,J=7Hz,3H). 

Example 22 - Synthesis of Triazole 213 

25 Scheme 46 illustrates the synthesis of tiiazole 213. 3,4-Difluoronito:obenzene is 

converted to nitroaniline 272 via an aromatic substitution reaction. The nitro group of 272 is 
reduced to afford aniline 273 which is transformed to carbamate 274. Oxazolidinone formation 
to provide 275 is followed by conversion to the azide to yield 277. Cycloaddition of azide 277 
with alkyne 173 afforded triazole 213. 
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Scheme 46 




213 

Synthesis of nitroaniline 272 

3, 4-Difluoronitrobenzene (3 mL, 27.1 iximol) was added to a solution of dimethyl amine 
5 (15 mL, 29.8 mmol) and i-PraNEt (5.2 ml, 29.8 mmol) in ethyl acetate (20 mL) at 0°C and the 
mixture was stirred at room temperature overnight. The yellow solution was concentrated and 
redissolved in methylene chloride (100 mL) and then washed with water (50 mL). The aqueous 
layer was basified with KOH pellets and back extracted with methylene chloride (2 x 50 mL). 
The combined organic layer after evaporation afforded a yellow solid which was dissolved in 6N 
10 HCl (60 mL) at 0°C and washed with methylene chloride (3 x 60 mL). The solution was basified 
with KOH pellets (pH 10) and extracted with methylene chloride (3 x 100 mL). The combined 
organic phase was dried (Na2S04) and concentrated to provide 272 (1.8 g). Data for 272: 
^HNMR (300 MHz, CDCI3): 5 7.95 (dd, J= 2, 8 Hz, IH), 7.88 (dd, J= 3, 14 Hz, IH), 6.72 (t, J 
= 9 Hz, lH),3.10(s, 6H). 

1 5 Synthesis of aniline 273 

To a solution of nitroaniline 272 (1.7 g, 9.2 namol) in EtOH and THF (2:1, 30 mL) was 
added 10% Pd-C (0.2 g) and the mixture was stirred overnight at room temperature under 
hydrogen atmosphere. It was filtered through a Whatman filter paper and the residue was 
washed with methylene chloride (4 x 25 mL). The combined organic layer was evaporated to 
20 provide 273 (1 .3 g). Data for 273: ^HNMR (300 MHz, CDCI3): 8 6,81 (t, J= 1 1 Hz, IH), 6.46- 
6.37 (m, 2H), 2.73 (s, 6H). 
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To a solution of amline 273 (1 .3 g, 8.4 mmol) in a mixture of acetone (20 mL) and water 
(5 rtiL) was added NaHCOa (1 .76 g, 21 mmol) at O^'C and the mixture was stirred for few 
minutes. Then ben2yl chloroformate (1.5 mL, 10.1 mmol) was added dropwise and tiie mixture 
was stirred at 0°C for 1 h. The reaction mixture was concentrated and dissolved in methylene 
chloride (50 mL). The organic layer was washed with brine (3 x 50 mL), dried (Na2S04) and 
concentrated to provide 274 (2.4 g) of suitable purity for use in subsequent reactions. Data for 
274: ^HNMR (300 MHz, CDCI3): 8 7.38-7.12 (m, 6H), 6.95 (brd, J= 8 Hz, IH), 6.84 (t, J= 9 
Hz, IH), 6.57 (brs, IH), 5.18 (s, 2H), 2.78 (s, 6H). 

Synthesis of oxazolidinone 275 

To a solution of carbamate 274 (2.4 g, 8.3 mmol) in THF (80 mL) was added n-BuLi 
(4.32 mL, 2.5 M in hexane, 10.79 mmol) at -78°C and the mixture was stirred for Ih. (R)- 
Glycidyl butyrate (1 .5 mL, 1 0.87 mmol) was added and the reaction warmed to room 
temperature and allowed to stn overnight. The reaction was carefully poured into saturated 
NH4CI (70 mL) and extracted with EtOAc (3 x 100 mL). The combmed organic layers were 
washed with brine (1 x 200 mL), dried (Na2S04) and concentrated. Flash chromatography over 
silica gel (60%-100% EtOAc in hexanes) provided 275 (2 g) 275 as a white solid. Data for 275: 
^HNMR (300 MHz, CDCI3): 5 7.38 (dd, J- 3, 15 Hz, IH), 7.10 (dd, J= 3, 9 Hz IH), 6.88 (t, J 
= 12 Hz, IH), 4.75-4.71 (m, IH), 4.02-3.93 (m, 3H), 3.79-3.75 (m, IH), 2.81 (s, 6H). 

Synthesis of azide 277 

To alcohol 275 (900 mg, 3.54 mmol) in methylene chloride (35 mL) at 0°C was added 
triethylamine (0.5 mL, 3.58 mmol) and methanesulfonyl chloride (0.41 mL, 5.31 mmol). After 
stirring for 1 h at 0°C, the reaction was poured into water (100 mL) and extracted with methylene 
chloride (3 x 100 mL): The combined organic layers were washed with water (2 x 100 mL), 
dried (Na2S04) and concentrated to yield 1.1 g of pure product 276. To a solution of mesylate 
276 (1.1 g, 3.3 mmol) in DMF (15 mL) was added sodium azide (646 mg, 9.9 mmol) and the 
reaction was heated at 75^C overnight. The reaction was poured into water (100 mL) and 
extracted with EtOAc (3 x 100 mL). The combined organic layers were washed with water (3 x 
100 mL), dried (Na2S04) and concentrated to provide a solid. The material was further purified 
by flash chromatography over silica gel (50% EtOAc in hexanes) to yield 858 mg of pure azide 
277. Data for 277: ^HNMR (300 MHz, CDCI3): 5 7.38 (dd, J= 3, 15 Hz, IH), 7.10 (dd, J= 3, 9 
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Hz IH), 6.89 (t, J= 9 Hz, IH), 4.78-4.75 (m, IH), 4.01 (t, J= 9 Hz, IH), 3.81 (dd, J= 6, 9 Hz, 
IH), 3.69 (dd, J= 5, 13 Hz, IH), 3.58 (dd, J= 5, 13 Hz, IH), 2.82 (s, 3H). 



Synthesis of triazole 213 

To a mixture of alkyne 173 (200 mg, 0.254 mmol), azide 277 (85 mg, 0.305 mmol) and 
5 copper (I) iodide (24 mg, 0.127 mmol) was added THF (10 mL) and the mixture was repeatedly 
degassed and flushed with argon. Then i-Pr2NEt (0.1 mL) was introduced and the mixture was 
stirred at room temperature for 1 h. The reaction mixture was poured into NH4CI (30 mL) and 
stirred for few minutes. Then NH4OH (3 mL) was added and tlie mixture extracted witih 
methylene chloride (3 x 40 ml). The combined organic layers were dried (Na2S04), concentrated 
1 0 and flash chromatographed over silica gel (methylene chloride: MeOHilSTtLtOH =12:1 ;0.05) to 
provide 223 mg of triazole 213. Data for 213: MS (ESI) m/z 1066.5 (M+H)"*"; ^HNMR (300 
MHz, CDCI3, partial): 5 7.63 (s, IH), 7.27 (dd, J= 2, 8 Hz, IH), 6,94 (dd, J= 2, 9 Hz, IH), 6.84 
(t, J= 9 Hz, IH), 5.30-5.04 (m, 2H), 0.89 (t, J= 7 Hz, 3H). 

Example 23 - Synthesis of Isoxazole 214 

15 Scheme 47 exemplifies the synthesis of isoxazole 214. ICnown alkyne 278 (Zacharie, B. 

et al J. Med. Chem. 1997, 40, 2883) was converted by hydroxylamine to hydroxyisoxazole 279. 
The Mitsunobu reaction of 279 Avith alcohol 280 (synthesized from 3-fluoroaniline using the 
chemistry reported in the literature (Brickner, S.J. et al J. Med Chem. 1996, 39, 673)) afforded 
isoxazole 281. Desilylation of 281 afforded alcohol 282 which was subsequently converted to 

20 tosylate 283. Alkylation of amine 171 with tosylate 283 yielded isoxazole 214. 
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Scheme 47 




Synthesis of hydroxyisoxazole 279 

To a solution of hydroxylamine hydrochloride (208 mg, 3.0 mmol) in MeOH (5 mL) was 
5 added 10% NaOH (3.14 mL, 7.85 mmol) solution followed by a solution of alkyne 278 (900 mg, 
2.5 mmol) in MeOH (1 .5 mL). The mixture was stirred overnight at room temperature and was 
then acidified with 6N HCl (pH 2\ saturated with sodium sulphate. The mixture was extracted 
with diethyl ether (3 x 50 mL). The combined organic layers were washed with water (3 x 100 
mL), dried (Na2S04), concentrated and chromatographed over silica gel (20% EtOAc in 
10 hexanes) to provide 280 mg pure isoxazole 279 as a white solid. Data for 279: MS (ESI) m/z 
408.9 (M+CHsCN)""; ^HNMR (300 MHz, CDCI3): 5 7.62 (brd, 4H), 7.46-7.35 (m, 6H), 5.76 (s, 
IH), 3.91 (t, J= 6 Hz, 2H), 2.86 (t, J= 7 Hz, 2H), 1.03 (s, 9H). 

Synthesis of isoxazole 281 

To a solution of isoxazole 279 (100 mg, .272 mmol), alcohol 280 (86 mg, 0.408 mmol) 
1 5 and triphenyl phosphine (114 mg, 0.435 mmol) in THF (8 mL) was added diisopropyl 
azodicarboxylate (0.08 mL, 0.408 mmol) at -20^C. The solution was warmed to room 
temperature and stirred for 3 h. The mixture was concentrated and chromatographed over silica 
gel (25-30% EtOAc in hexanes) to provide 140 mg of 281. Data for 281: MS (ESI) m/z 583.0 
(M+Na)"-; 'HNMR (300 MHz, CDCI3): 5 7.61 (dd, J= 3, 9 Hz, 4H), 7.48-7.32 (m, 9H), 6.85 
20 (brt, IH), 5.72 (s, IH), 5.02-4.94 (m, IH), 4.53 (dd, /= 4, 12 Hz, IH), 4.46 (dd, J= 5, 12 Hz, 
IH), 4.16-4.09 (m, 2H), 3.93 (t, J= 6 Hz, 2H), 2.87 (t, J= 6 Hz, 2H), 1.03 (s, 9H). 

Synthesis of isoxazole 282 



252 



wo 2004/029066 PCT/US2003/030478 

To a solution of silyl ether 281 (140 mg, 0.25 mmol) in THF (5 mL) was added 
tetrabutylammonium fluoride (0.5 mL, IM in THF) at 0°C and the mixture was stirred overnight 
at room temperature. The reaction mixture was concentrated and dissolved in EtOAc (50 mL). 
The organic layer was washed witii brine (2 x 50 mL), dried (Na2S04), concentrated and 
5 chromatographed over silica gel (70% EtOAc in hexanes) to provide 70 mg of 282. Data for 
282: MS (ESI) m/z 322.8 (M+H)^; 'HNMR (300 MHz, CDCI3): 5 7.45 (ddd, J= 2, 5, 11 Hz, 
IH), 7.30-7.21 (m, 2H), 6.88-6.82 (m, IH), 5.78 (s, IH), 5.04-4.96 (m, IH), 4.52 (dd, J=4, 12 
Hz, IH), 4.43 (dd, J= 5, 11 Hz, IH), 4.15 (t, J= 9 Hz, IH), 3.96 (dd, J= 6, 9 Hz, IH), 3.91 (t, J 
= 6 Hz, 2H), 2.91 (t, J= 6 Hz). 

1 0 Synthesis of tosylate 283 

p-ToluenesuLfonyl chloride (71.5 mg, 0.375 mmol) was added to a solution of isoxazole 
282 (60 mg, 0.187 mmol), triethylamine (0.065 mL, 0.468 mmol) and DMAP (cat.) in methylene 
chloride (5 niL) at 0°C. The mixture was tiien allowed to stir at room temperature for 4 h. The 
reaction mixture was diluted with EtOAc (30 mL) and washed with brine (3x30 mL), dried 

15 (Na2S04), concentrated and chromatographed over silica gel (50% EtOAc m hexanes) to yield 
77.6 mg of pure tosylate 283. Data for 283: MS (ESI) m/z 476.9 (M+H)"", 498.9 
(M+Na)""; ^HNMR (300 MHz, CDCI3): 6 7.76 (d, J= 9 Hz, 2H), 7.46 (ddd, J= 2,5,U Hz, IH), 
7.38-7.23 (m, 4H), 6.89-6.83 (m, IH), 5.73 (s, IH), 5.04-4.96 (m, IH), 4.52 (dd, J= 4, 12 Hz, 
IH), 4.44 (dd, J= 5, 1 1 Hz, IH), 4.26 (t, J= 6 Hz, 2H), 4. 16 (t, J= 9 Hz, IH), 3.96 (dd, J= 6, 9 

20 Hz, IH), 3.02 (t, J= 6 Hz, 2H), 2.45 (s, 3H). 

Synthesis of isoxazole 214 

A suspension of A''-desmethylazithromycin 171 (100 mg, 0.136 mmol), tosylate 283 (52 
mg, 0.109 mmol), i-Pr2NEt (3 mL) and Nal (cat.) in THF (4 mL) was heated to reflux for 72h. 
The reaction mixture was concentrated and chromatographed over silica gel (methylene 
25 chloride:MeOH:NH40H = 12:1:0.01) to yield 7 mg of 214. Data for 214: MS (ESI) m/z 1039.1 
(M+H)^ 1061.5 (M+Na)"^; ^HNMR (300 MHz, CDCI3, partial): 6 7.46 (ddd, J= 2, 5, 1 1 Hz, 
IH), 7.38-7.23 (m, 2H), 6.86 (brt, IH), 5.72 (s, IH), 5.08 (d, J= 5 Hz, IH), 5.02-4.96 (m, IH), 
4.68 (d, J= 8 Hz, IH), 4.53 (dd, J= 4, 11 Hz, IH), 4.46 (dd, J= 5, 9 Hz, IH), 0.90 (t, J= 6 Hz, 
3H). 
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Scheme 48 exemplifies the synthesis of triazole 215. The cycloaddition of known azide 
284 (see US Patent No. 6,124,334) and alkyne 173 afforded triazole 215. 



Synthesis of triazole 215 

A solution of alkyne 173 (0.100 g, 0.13 mmol) and azide 284 (0.046 g, 0.19 mmol) in 
tetrahydrofuran (1.3 mL) was treated with iV; JV-diisopropylethylamine (0.670 mL, 3.8 mmol) and 
copper (I) iodide (36 mg, 0.19 mmol) and the mixture was stirred \mder argon at 23''C for 2.5 h. 

10 The reaction mixture was diluted with saturated aqueous ammonium hydroxide (10 mL) and 
extracted with dichloromethane (4 x 30 mL). The combined organic fractions were dried 
(Nfa2S04), evaporated, and the residue purified by flash chromatography (SiOi, ammonium 
hydroxide/methanol/dichloromethane 0.05:1:9) to provide 215 (53 mg, 0.048 mmol, 38%) as a 
white powder. Data for 215: MS (ESI) m/z 545.0 (M+2H)^^; ^HNMR (300 MHz, CDCI3, 

15 partial): 8 7.81 (s, IH), 7.61-7.54 (m, IH), 7.39-7.33 (m, IH), 7.21-7.15 (m, IH), 6.99 (d, J= 2 
Hz, 2H), 6.34 (d, J= 1 Hz, 2H), 3.29 (s, 3H), 3.26 (s, 3H), 0.89-0.78 (m, 6H). 

Example 25 - Synthesis of triazole 216 

Scheme 49 depicts the synthesis of triazole 216. The known alcohol 285 (see 
Intemational Patent AppUcation WO03 06440) is converted by standard chemistry to azide 287. 
20 This azide is coupled to 4-cyanophenylboronic acid using the Suzuki reaction to afford biaryl 
azide 288. Cycloaddition of 288 with alkyne 173 afforded triazole 216. 
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Scheme 49 
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Synthesis of mesylate 286 

A solution of alcohol 285 (2.5 g, 7.4 mmol) in methylene chloride (40 mL) was cooled to 
5 0 °C imder argon and treated with EtsN (1 .80 mL, 13.2 mmol) and methanesulfonyl chloride 

(0.57 mL, 7,4 mmol). The reaction mixture was warmed to 23°C for 0.5 h then washed with 1 M 
hydrochloric acid (50 mL), saturated aqueous sodium bicarbonate (50 mL) and saturated aqueous 
sodium chloride (50 mL). Drying (Na2S04) and evaporation provided mesylate 286 (2.8 g, 6.7 
mmol, 91%) as a white powder Data for 286: ^HNMR (300 MHz, DMSO-J^): 8 7.85 (dd, J= 9, 
10 8 Hz, IH), 7.57 (dd, J= 1 1, 2 Hz, IH), 7.22 (dd, J= 9, 2 Hz, IH), 5.07-5.00 (m, IH), 4.53^.48 
(m, 2H), 4.22-^.19 (m, IH), 3.83 (dd, J= 9, 6 Hz, IH), 3.26 (s, 3 H). 

Synthesis of azide 287 

A solution of mesylate 286 (7.00 g, 16.8 mmol) m dimethylformamide (50 mL) was 
treated with sodium azide (1 .5 g, 23 mmol) and stirred at 50°C under argon for 18 h. The 

15 reaction mixture was cooled to 20°C, poured into H2O (400 mL) and stirred at 0°C. The resulting 
precipitate was filtered, washed with H2O and dried xmder reduced pressure to provide azide 287 
as a white powder (4.0 g, 1 1 mmol, 66%). Data for 287: ^HNMR (300 MHz, CDCI3): 5 7.71 
(dd, J= 9, 7 Hz, IH), 7.48 (dd, J- 10, 2 Hz, IH), 7.06 (dd, J- 9, 2 Hz, IH), 4.89-4.77 (m, IH), 
4.09-4.04 (m, IH), 3.84 (dd, 9, 6 Hz, IH), 3.73 (dd, J= 13, 5 Hz, IH), 3.61 (dd, J= 13, 5 

20 Hz, IH). 

Synthesis of azide 288 

A solution of azide 287 (0.36 g, 1.0 mmol) in toluene/ethanol/H20 (3:1:1, 10 mL) was 
treated with potassium carbonate (0.41 g, 3.0 mmol), 4-cyanophenylboronic acid (0.18 g, 1.2 
romol) and tetrakis(triphenylphosphine)palladium (0.005 g, 0.05 mmol), and the mixture was 
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Stirred under argon at 80°C for 0.5 h. The reaction mixture was cooled to room temperature, 
diluted with ethyl acetate (50 mL), washed with H2O (3 x 50 mL), dried (Na2S04), and 
evaporated. Flash chromatography (Si02, hexanes/ethyl acetate 1:1) provided azide 288 (0.23 g, 
0.67 mmol, 67%) as a white powder. Datafor 288: ^HNMR(300 MHz, CDCI3): 8 7.72-7.69 
5 (m, 2H), 7.64-7.60 (m, 2H), 7.55 (dd, 13, 2 Hz), 7.46-7.41 (m, IH), 7.35 (dd, J= 9, 2 Hz), 
4.87^.78 (m, IH), 4.14-4.08 (m, IH), 3.89 (dd, /= 9, 6 Hz, IH), 3.73 (dd, J = 13, 5 Hz, IH) 
3.61 (dd, J -13, 5 Hz, IH). 

Synthesis of triazole 216 

A solution of alkyne 173 (0.19 g, 0.24 mmol) and azide 288 (0.10 g, 0.30 mmol) in 
10 tetrahydrofuran (5.0 mL) was treated with iV,iV-diisopropylethylamme (0.042 mL, 0.24 mmol) 
and copper (I) iodide (19 mg, 0.10 mmol) and the mixture was stirred under argon at 23°C for 
0.5 h. The reaction mixture was diluted with saturated aqueous ammonium hydroxide (10 mL) 
and extracted with dichloromethane (3x30 mL). The combined organic fractions were dried 
(Na2S04) and evaporated, and the residue pxirified by flash chromatography (Si02, armnonium 
15 hydroxide/methanol/dicliloromethane (0.05:1:9) to provide 216 (110 mg, 0.098 mmol, 41%) as a 
wliite powder. Data for 216: MS (ESI) m/z 1 125 (M+H)^; ^HNMR (300 MHz, CDCI3, partial): 
8 7.72-7.69 (m, 2H), 7.62 (s, IH), 7.60 (m, 2H), 7.49-7.44 (m, IH), 7.42-7.37 (m, IH), 7.22- 
7.19 (m, IH), 3.31 (s, 3H), 2.34 (s, 3H), 2.30 (s, 3H), 0.88-0.86 (m, 6H). 

Example 26 - Synthesis of triazoles 217 and 218 

20 Scheme 50 details the synthesis of triazoles 217 and 218. The known carbamate 289 (see 

J, Med Chem, 2000, 43, 953) was deprotected to afford aniline 290. Diazotization of 290 
afforded azide 291, which was subsequently converted by cycloaddition chemistry with available 
alkynes to triazoles 292 and 295. Manipulation of these intermediates to azides 294 and 297 was 
followed by cycloaddition with alkyne 173 to afford triazoles 217 and 218 respectively. 
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Scheme 50 




Synthesis of aniline 290 

A solution of carbamate 289 (3.6 g, 7.9 mmol) in methanol (120 mL) was treated with 
5 acetic acid (30 mL) and 10% Pd-C (1 .0 g) and the mixture was stirred ixnder a balloon of 
hydrogen for 12 h at 23 °C. The reaction mixture was filtered through a plug of Si02 and 
evaporated under reduced pressure, providing 290 (1 .5 g, 6.6 mmol, 84%) as a pink-white solid. 
Data for 290: ^HNMR (300 MHz, DMSO-^/^): 8 7.32 (dd, J= 14, 3, Hz, IH), 6.99-6.95 (m, IH), 
6.75 (dd, J= 10, 9 Hz, IH), 4.99 (s, 2H), 4.66-4.58 (m, IH), 4.01-3.94 (m, IH), 3.72 (dd, J- 9, 
10 6 Hz, IH), 3.63 (dd, J= 12, 4 Hz, IH), 3.50 (dd, J- 12, 4 Hz, IH). 

Synthesis of azide 291 

A suspension of aniline 290 (0.56 g, 2.5 mmol) in H2O (10 mL) was cooled to 0 °C and 
treated with concentrated hydrochloric acid (1.0 mL, 12.4 nunol) and sodiimi nitrite (0.19 g, 2,8 
mmol). A solution of sodium azide (0.24 g, 3.8 mmol) in H2O (1.0 mL) was added after 1 h, and 
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stirring at 0°C was continued for an additional 1 h. The reaction mixture was diluted with 
saturated aqueous sodium bicarbonate (20 mL) and extracted with ethyl acetate (100 mL). The 
organic fraction was washed with H2O (100 mL) dried (ISra2S04) and evaporated to an orange 
fflm. Data for 291: ^HNMR (300 MHz, CD3OD): 8 7.51 (dd, J- 14, 3 Hz, IH), 7.19 (m, IH), 
5 7.03 (m, IH), 4.70-4.61 (m, IH), 4.02--3.96 (m, IH), 3.79 (m, IH), 3.74 (m, IH). 

Synthesis of triazole 292 

A solution of azide 291 (0.14 g, 0.56 mmol) and trimethylsilylacetylene (0.47 mL, 3.3 
mmol) in dimethylformamide (4 mL) was stirred at 60°C for 16 h. The reaction mixture was 
cooled to 23°C, concentrated under reduced pressure to a volume of 2.0 mL, and treated with 
10 tetrabutylamonium fluoride (1 .5 mL of a 1 .0 M solution in tetrahydrofaran) and acetic acid (0. 1 
mL) and the mixture was stirred for 12 h. Ethyl acetate (100 mL) was added and the solution 
was washed with H2O (3 x 75 mL), dried (Na2S04) and evaporated to provide 292 (87 mg, 0.31 
mmol, 56%) as a brown foam that was used directly in the next step. 

Synthesis of azide 294 

15 A solution of alcohol 292 (94 mg, 0.34 mmol) in dichloromethane (3.5 mL) was cooled 

to 0°C and treated with triethylamine (0.095 mL, 0.68 mmol) and methanesulfonyl chloride 
(0.029 mL, 0.37 mmol). The reaction mixture was stirred at 23''C for 1 h, then diluted with ethyl 
acetate (150 mL) and washed with 1 M hydrochloric acid (2 x 75 mL), 10% aqueous sodium 
carbonate (75 mL), dried (Na2S04), and evaporated. Flash chromatography (Si02, 50-100% 

20 ethyl acetate/hexanes) provided mesylate 293 (50 mg, 0.14 mmol, 41%) as a yellow film. Data 
for 293: MS (ESI) m/z 357 (M+H)^; ^HNMR (300 MHz, CDCI3): 5 8.11-8.09 (m, IH), 8.04- 
7.98 (m, IH), 7.88 (m, IH), 7.85 (dd, J- 13, 2 Hz, IH), 7.32-7.27 (m, IH), 5.04-4.96 (m, IH), 
4.54 (dd, J= 12, 4 Hz, IH), 4.47 (dd, J- 12, 4 Hz, IH), 4.26-~4.20 (m, IH), 4.03 (dd, J= 9, 6 
Hz, IH), 3.12 (s, 3H), 2.36 (s, 6H). 

25 A solution of mesylate 293 (0.050 g, 0.15 mmol) in dimethylformamide (1.5 mL) was 

treated with sodiimi azide (0.018 g, 0.28 mmol) and stirred at 60°C xxnder argon for 12 h. The 
reaction mixture was cooled to 20 ""C, diluted with ethyl acetate (75 mL), washed with H2O (3 x 
50 mL), dried (Na2S04), aad evaporated under reduced pressure providing azide 294 as a yellow 
film (41 mg). 
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A solution of crude azide 294 obtained above (0.038 g, 0.13 mmol) and alkyne 173 
(0.079 g, 0.10 mmol) in tetrahydrofuraa (5.0 mL) was treated with diisopropylethylamine (0.050 
mL, 0.29 mmol) and copper (I) iodide (18 mg, 0.094 mmol) and stirred under argon at 23 °C for 
5 1 h. The reaction mixture was diluted with saturated aqueous ammonixmi hydroxide (10 mL) 
and extracted with dichloromethane (3 x 30 mL). The combined organic fractions were dried 
(Na2S04), evaporated, and the residue purified by flash chromatography (Si02, ammonium 
hydroxide/methanol/dichloromethane (0.05:1:9) to provide triazole 217 (32 mg, 0.029 mmol, 
29%) as a yellow foam. Data for 217: MS (ESI) m/z 546 (M+2H)^"'; ^HNMR (300 MHz, CDCI3, 
10 partial): 5 8.01 (d, J = 1 Hz, IH), 7.88-7.83 (m, IH), 7.79 (d, J= 1 Hz, IH), 7.68 (s, IH), 7.60 
(m, IH), 7.20 (m, IH), 3.26 (s, 3H), 2.30 (s, 3H), 2.22 (s, 3H), 0.88-0.84 (m, 6H), 

Synthesis of triazole 295 

A solution of azide 291 (0.14 g, 0.56 mmol) and JVIiV-dimethylpropargylamine (0.30 mL, 
2.6 mmol) in dimethylformamide (4 mL) was treated with copper (I) iodide (0.030 g, p. 16 mmol) 

1 5 and stirred at 20°C for 1 h. The reaction mixture was diluted with ethyl acetate (100 mL) and 
washed with 10% ammonium hydroxide (2 x 100 mL) and saturated aqueous sodium chloride 
(100 mL), dried CNa2S04) and evaporated. Flash chromatography of the crude material (Si02, 
ammonium hydroxide/methanol/dichloromethane (0.05:1 :9) provided triazole 295 (18 mg, 
0.054 mmol, 9.6%) as a yellow film. Data for 295: ^HNMR (300 MHz, CDCI3): 5 8.02-8.01 

20 (m, IH), 7.86-7.81 (m, IH), 7.71 (dd, J= 14, 2 Hz, IH), 7.33-7.27 (m, IH), 4.83^.76 (m, IH), 
4.15-4.04 (m, 2H), 4.02 (dd, J- 9, 4 Hz, IH), 3.78 (dd, J= 13, 3 Hz, IH), 3.73-3.71 (m, 2H), 
2.36 (s, 6H). 

Synthesis of azide 297 

A solution of alcohol 295 (17 mg, 0.050 mmol) in dichloromelhane (0.5 mL) was cooled 
25 to 0°C and treated with triethylamine (0.014 mL, 0.10 mmol) and methanesulfonyl chloride 

(0.0043 mL, 0.056 mmol). The reaction mixture was stirred at 23''C for 1 h, then diluted with 
ethyl acetate (100 mL) and washed with 10% aqueous sodium carbonate (2 x 100 mL), dried 
(Na2S04) and evaporated. Flash chromatography (SiOi, ammonivim hydroxide/methanol/ 
dichlromethane (0.05:1:9) provided mesylate 296 (17 mg, 0,041 mmol, 82%) as a yellow film. 
30 Data for 296: MS (ESI) m/z 414 (M+H)""; ^HNMR (300 MHz, CDCI3): 5 8.02-8.01 (m, IH), 

8.05-7.95 (m, IH), 7.83 (dd, J- 13, 2 Hz, IH), 7.31-7.27 (m, IH), 5.04-4.97 (m, IH), 4.54 (dd, 

259 



wo 2004/029066 PCT/US2003/030478 

J= 12, 4 Hz, IH), 4.47 (dd, J= 12, 4 Hz, IH), 4.03 (dd, J= 9, 6 Hz, IH), 3.70 (s, 2H), 3.12 (s, 
3H), 2.36 (s, 6H). 



A solution of the above mesylate 296 (0.017 g, 0.042 mmol) in dimethylfomiamide (0.40 
mL) was treated with sodium azide (0.006 g, 0.848 mmol) and stirred at 60°C under argon for 12 
5 h. The reaction mixture was cooled to 20°C, diluted with ethyl acetate (75 mL), washed with 
H2O (3 X 50 mL), dried (Na2S04), and evaporated under reduced pressure providing azide 297 as 
a white foam (15 mg). 

Synthesis of triazole 218 

A solution of crude azide 297 (0.012 g, 0.033 mmol) and alkyne 173 (0.021 g, 0.027 
1 0 mmol) in tetrahydrofuran (1.4 mL) was treated with diisopropylethylamine (0.014 mL, 0.13 

mmol) and copper (I) iodide (4.7 mg, 0.025 mmol) and stirred under argon at 23 °C for 1 h. The 
reaction mixture was diluted with saturated aqueous ammonium hydroxide (10 mL) and 
extracted with dichloromethane (3 x 30 mL). The combined organic fractions were dried 
(Na2S04), evaporated, and the residue purified by flash chromatography (SiOi, ammonium 
15 hydroxide/methanol/dichloromethane (0.05:1:9) to provide triazole 218 (12 mg, 0.010 mmol, 

39%) as a yellow foam. Data for 218: MS (ESI) m/z 51 A (M+2H)^'^; ^HNMR (300 MHz, CDCI3, 
partial): S 8.11 (m, IH), 7.89-7.84 (m, IH), 7.67 (s, IH), 7.58 (m, IH), 7.20 (m, IH), 3.22 (s, 
3H), 2.38 (s, 6H), 2.31 (s, 3H), 2.23 (s, 3H), 0.88-0.84 (m, 6H). 

Example 27 - Synthesis of triazoles 219 and 220 

20 Scheme 51 details tihe synthesis of triazoles 219 and 220. lodoaryl alcohol 285 is 

converted to nitrile 298 which is then transformed to azide 300 via mesylate 299. Cycloaddition 
of azide 300 and alkyne 173 yielded triazole 219. Nitrile 298 was manipulated to oxadiazole 
301, which served as the precursor to azide 302. Cycloaddition of 302 witii 173 afforded triazole 
220. 



260 



wo 2004/029066 



PCT/US2003/030478 



Scheme 51 




220 



Synthesis of nitrile 298 

A solution of alcohol 285 (5Ag, 16.1 mmol) in dimethylformamide (16 mL) was treated 
5 with copper (I) cyanide (1.60 g, 17.7 mmol) and stirred at 145°C under argon for 18 h. The 

reaction mixture was cooled to 23°C and diluted with methylene chloride (100 mL), and washed 
with saturated aqueous ammonixun chloride (100 mL) and saturated aqueous sodium chloride 
(100 mL). Drying (Na2S04) and evaporation provided 298 (2.9 g, 12.3 nmiol, 76%) as a white 
powder. Data for 298: ^HNMR (300 MHz, CD3OD): 8 7.68 (dd, J- 12, 2 Hz, IH), 7.62 (dd, J- 
10 9, 8 Hz, IH), 7.39 (dd, J= 9, 2 Hz, IH), 4.71-4.65 (m, IH), 4.08-4.02 (m, IH), 3.86 (dd, J= 9, 6 
Hz, IH), 3.77 (dd, J= 13, 3 Hz, IH), 3.60 (dd, J= 13, 4 Hz, IH). 

Synthesis of azide 300 

A solution of nitrile alcohol 298 (600 mg, 2.50 mmol) in methylene chloride (14 mL) was 
cooled to O^^C imder argon and treated with triethylamine (0.70 mL, 5.0 mmol) and 
1 5 methanesulfonyl chloride (0.22 mL, 2.8 mmol). The reaction mixture was warmed to 23°C for 
0.5 h and subsequently diluted with methylene cliloride (50 mL), washed with 1 M hydrochloric 
acid (15 mL), saturated aqueous sodium bicarbonate (15 mL), and saturated aqueous sodixun 
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chloride (15 mL). Drying (Na2S04) and evaporation provided mesylate 299 (0.62 g, 2.0 tnmol, 
80%) as a white powder. Data for 299: ^HNMR (300 MHz, CDCI3): 5 7.63 (dd, J- 12, 2 Hz, 
IH), 7.56 (dd, J= 9, 7 Hz, IH), 7.31 (dd, J= 9, 2 Hz, IH), 5.01^.94 (m, IH), 4.51 (dd, 12, 3 
Hz, IH), 4.43 (dd, J= 12, 4 Hz, IH), 4.22-^.15 (m, IH), 3.96 (dd, J= 9, 6 Hz, IH), 3.45 (dd, J= 
5 15, 7 Hz, lH),3.06(s,3H). 

A solution of mesylate 299 (0.61 g, 1.9 mmol) in dimethylformamide (15 mL) was 
treated with sodium azide (0.26 g, 4.0 mmol) and stirred at 75 °C under argon for 1 h. The 
reaction mixture was cooled to 23 °C, diluted with water (100 mL) and extracted with methylene 
chloride (3 x 50 mL). The combined organic layer was washed with water (100 mL). The 
10 solvent was evaporated and the residue redissolved in ethyl acetate (50 mL) aad washed with 

water (100 mL). Drying (Na2S04) and evaporation provided azide 300 (0.38 g, 1.5 mmol, 79%) 
as a brown oil. Data for 300: ^HNMR (300 MHz, CDCI3): 5 7.61-7.52 (m, 2H), 7.28 (dd, J= 9, 
2 Hz, IH), 4.84-4.76 (m, IH), 4.08-4.02 (m, IH), 3.83 (dd, J= 9, 6 Hz, IH), 3.72 (dd, J= 13, 4 
Hz, IH), 3.55 (dd, J= 13, 4 Hz, IH). 

1 5 Synthesis of triazole 219 

A solution of alkyne 173 (0.15 g, 0.19 mmol) and azide 300 (0.060 g, 0.21 mmol) in 
tetrahydrofuran (1.5 mL) was treated with i\^,iSr-diisopropylethylamine (0.066 mL, 0.38 mmol) 
and copper (I) iodide (19 mg, 0.10 mmol) and stirred xmder argon at 23 °C for 1 h. The reaction 
mixture was diluted with satxxrated aqueous ammonium hydroxide (10 mL) and extracted with 

20 dichloromethane (4x30 mL). The combined organic fractions were dried (Na2S04), 
evaporated, and the residue purified by flash chromatography (SiOi, ammonium 
hydroxide/methanol/ dichloromethane (0.05:1:9) to provide 219 (100 mg, 0.095 mmol, 50%) as 
a white powder. Data for 219: ^HNMR (300 MHz, CDCI3, partial): 8 7.62-7.55 (m, 3H), 7.24 
(dd, J= 9, 2 Hz, IH), 3.34 (s, 3H), 2.32 (s, 3H), 2.24 (s, 3H), 1.02 (d, J= 7 Hz, 3H), 0.92-0.80 

25 (m, 6H). 

Synthesis of oxadiazole 301 

A solution of nitrile 298 (2.00 g, 8.50 mmol) in methanol (42.5 mL) was treated with 
potassium carbonate (1.18 g, 8.50 mmol) and hydroxylamine hydrochloride (1.18 g, 17.0 mmol) 
and heated to reflux for 1 8 h. The reaction mixture was cooled to 23''C, diluted with ethyl 
30 acetate (100 mL) and washed with water (4 x 100 mL). Drymg (Na2S04) and evaporation 
afforded a brown powder. A solution of cmde this hydroxyamidine (1.00 g, 3.7 mmol) in 
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pyridine (17.5 mL) under argon was cooled to 0°C and treated dropwise with a solution of acetic 
anhydride (0.70 mL, 7.4 mmol) in pyridine (17.5 mL). The reaction mixture was heated to 
120°C for 1 h and then cooled to 23°C. The reaction mixture was then diluted with ethyl acetate 
(50 mL) and washed with 1 m hydrochloric acid (30 mL), saturated aqueous sodium bicarbonate 
5 (30 mL), and saturated aqueous sodium chloride (30 mL) and dried (Na2S04). Flash 

chromatography (Si02, 50-75% ethyl acetate/hexanes) afforded the intermediate acetate- 
protected oxadiazole (0.28 0.84 mmol, 22%) as a white powder. Data for intermediate 
oxadiazole: MS (ESI) m/z 335.9 (M+H)""; ^HNMR (300 MHz, CDCI3: 5 8.07--8.02 (m, IH), 7.62 
(dd, J= 13, 2 Hz, IH), 7.39 (dd, J= 9, 2 Hz, IH), 4.97-4.89 (m, IH), 4.41 (dd, J- 12, 4 Hz, 
10 IH), 4.33 (dd, J- 12, 5 Hz, IH), 4.21^.15 (m, IH), 3.88 (dd, J= 9, 6 Hz, IH), 2.68 (s, 3H), 
2.11 (s, 3H). 

A solution of the oxadiazole acetate obtained above (0.25 g, 0.75 mmol) in methanol 
(0.75 mL) was treated with sodivim methoxide (0.005 mg, 0.08 mmol) and stirred at 23''C for 1 h. 
The reaction mixture was quenched with 1 M hydrochloric acid (0.15 mL) and the solvent was 
15 evaporated in vacuo to provide oxadiazole 301 (0.21 g, 0.72 mmol, 95%) as a white powder. 
Data for 301: ^HNMR (300 MHz, CDCI3): 5 8.06-8.00 (m, IH), 7.63 (dd, J= 13, 2 Hz, IH), 
7.39 (dd, J= 9, 2 Hz, IH), 4.81 (m, IH), 4.07 (m, 3H), 3.78 (dd, J= 13, 4 Hz, IH), 2.68 (s, IH). 

Synthesis of azide 302 

A solution of alcohol 301 (0.18 g, 0.61 mmol) in methylene chloride (3.5 mL) was cooled 
20 to 0°C under argon and treated with triethylamine (0.18 mL, 1 .2 mmol) and methanesulfonyl 

chloride (0.050 mL, 0.68 mmol). The reaction mixture was warmed to 23°C for 0.5 h and diluted 
with methylene chloride (20 mL), washed with 1 M hydrochloric acid (10 mL), saturated 
aqueous sodium bicarbonate (10 mL), and saturated aqueous sodium chloride (10 mL). Drying 
(Na2S04) and evaporation provided the intermediate mesylate (0.19 g, 0.51 mmol, 84%) as a 
25 white powder: ^HNMR (300 MHz, CDCI3, partial): 5 8.02-7.96 (m, IH), 7.62-7.45 (m, IH), 
4.94^.87 (m, IH), 4.46 (dd, J= 12, 4 Hz, IH), 4.39 (dd, J= 12, 4 Hz, IH), 4.17-4.11 (m, IH), 
3.95 (dd, J- 9, 6 Hz, IH), 3.05 (s, 3H), 2.61 (s, 3H). 

A solution of the above mesylate (0.18 g, 0.49 mmol) in dimethylformamide (3.7 mL) 
was treated with sodium azide (64 mg, 0.98 mmol) and stirred at 75°C under argon for 2 h. The 
30 reaction mixture was cooled to 23°C, poxired into H2O (50 mL), and stirred at 0°C. The resulting 
precipitate was filtered, washed with H2O, and dried under reduced pressure to provide azide 302 
(80 mg, 0.25 mmol, 51%) as a white powder. Data for 302: ^MR (300 MHz, CDCI3): 6 8.05 
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(m, IH), 7.62 (dd, J= 13, 2 Hz, IH), 7.41-7.39 (m, IH), 4.88-4.81 (m, IH), 4.16-4.10 (m, IH), 
3.92 (dd, J= 9, 6 Hz, IH), 3.76 (dd, J= 13, 5 Hz, IH), 3.63 (dd, J= 13, 4 Hz, IH), 2.68 (s, 3H). 

Synthesis of triazole 220 

A solution of alkyne 173 (0.13 g, 0.16 mmol) and azide 302 (0.060 g, 0.19 mmol) in 
5 tetrahydrofuran (1 .2 mL) was treated with A^, A^-diisopropylethylamine (0.044 mL, 0.32 mmol) 
and copper (I) iodide (15 mg, 0.080 mmol) and stirred under argon at 23°C for 0.5 h. The 
reaction mixture was diluted with saturated aqueous ammoniirai hydroxide (10 mL) and 
extracted with dichloromethane (4 x 30 mL). The combined organic fractions were dried 
(Na2S04), evaporated, and the residue purified by flash chromatography (Si02, ammonium 
1 0 hydroxide/metlianol/dichloromethane (0.05 : 1 :9)) to provide 220 (70 mg, 0.063 mmol, 40%) as a 
white powder. Data for 220: MS (ESI) m/z 1 105.5 (MH-H)""; ^MR (300 MHz, CDCI3, partial): 
5 8.04-7.98 (m, IH), 7.65 (s, IH), l.Sl'-l.S^ (m, IH), (m, IH), 4.81-4,68 (m, IH), 

4.76-4.73 (m, IH), 4.43 (d, J= 7 Hz, IH), 3.35 (s, 3H), 0.99-0.81 (m, 6H). 

Example 28 - Synthesis of Triazole 221 

1 5 Scheme 52 details the synthesis of triazole 221. p-Nitrobenzenesulfonyl chloride was 

treated with ammonia to provide sulfonamide 303. The nitro group was reduced to provide 
aniline 304 which was converted to carbamate 305. Oxazolidinone formation to yield alcohol 
306 was followed by standard manipulations to afford azide 308. Cycloaddition of 308 with 
alkyne 173 yielded triazole 221. 

20 Scheme 52 
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307 R=OMs 

308 R=N3 




-SO2NHSO2CH3 



Synthesis of sulfonamide 303 

4-Nitrobenzenesulfonyl chloride (2.22 g, 10 mmol) was added to a solution of 
concentrated ammonium hydroxide (3 mL) in THF (5 mL) at O^C. The reaction was stirred at 
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0°C for 1 h and then at room temperature for additional 1 h. The THF was removed under 
vaccxnn, more water was added, and the precipitate was collected by filtration and dried to afford 

303 (1.90 g, 94% yield). 

Synthesis of aniline 304 

5 To a solution of 4-nitrobenzenesulfonamide 303 (1 .9 g, 9.4 mmol) in methanol (20 mL) 

was added 10% Pd-C (0. 19 g) and the resulted mixture was stirred at room temperature for 12 h 
under 1 atm hydrogen atmosphere. The Pd-C was removed by iSltration on celite. The filtered 
solution was evaporated to provide 304 (1 .4 g, 87% yield) as a white solid. Data for 
304: ^HNMR (300 MHz, CDCI3-CD3OD): 5 7.63 (d, J= 9 Hz, 2H), 6.70 (d, J= 9 Hz, 2H). 

1 0 Synthesis of carbamate 305 

Benzyl chloroformate (1.4 mL, 9.6 mmol) was added dropwise to a solution of aniline 

304 (1.38 g, 8.0 mmol), and NaHCOa (2.69 g, 21 mmol) in a mixture of THF (5 mL) and water 
(3 mL) at O^'C. After stirring at same temperature 2 h, the reaction mixture was diluted with 
ethyl acetate (30 mL). The organic layer was washed with brine (3 x 50 mL), dried (MgS04) 

15 and concentrated to provide 2.35 g of white solid 305 in a yield of 96%. Data for 305: ^HNMR 
(300 MHz, CD3OD): 5 7.80 (d, J= 9 Hz, 2H), 7.61 (d, J= 9 Hz, 2H), 7.43-7.33 (m, 5H), 5.20 (s, 
2H). 

Synthesis of alcohol 306 

To a solution of carbamate 305 (440 mg, 1.44 mmol) in THF (10 mL) was added n-BuLi 
20 (2.0 mL, 2.5 M in hexane, 5.03 mmol) at -78°C and the mixture was stirred for 30 miii. (i?)-(-)- 
Glycidyl butyrate (0.25 mL, 1.73 mmol) was added, the reaction was stirred at -78°C for 3 h, and 
tiien warmed to room temperature and stirred overnight. The reaction was carefully quenched 
with saturated NH4CI and extracted with EtOAc. The organic phase was washed with brine, 
dried (MgS04) and concentrated. The residue was dissolved in 10 mL of methanol and sodium 
25 methoxide (0.2 mL, 30% wt/wt in methanol) was added. After stirring at room temperature for 2 
h, the mixture was concentrated and purified by chromatography (25:l:0.05/CH2Cl2:MeOH: 
NH3.H2O) to afford 100 mg of desired oxazolidinone 306 in a yield of 26%. Data for 
306: ^HNMR (300 MHz, CD3OD): 5 7.90 (d, J= 9 Hz, 2H), 7.78 (d, J- 9 Hz, 2H), 4.77 (m, 
IH), 4.18 (t, J= 9 Hz, IH), 3.99 (dd, J - 6, 9 Hz, IH), 3.87 (dd, J = 3, 12 Hz, IH), 3.71 (dd, J = 
30 3, 12 Hz, IH). 
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To a solution of alcohol 306 (106 mg, 0.39 mmol), EtsN (129 mg, 1.28 mmol) and 4- 
dimethylaminopyridine (1 mg) in CH2CI2 (10 mL) and DMF (2 mL) was added methaaesulfonyl 
chloride (150 mg, 1.31 mmol) at 0°C, and the mixturte was stirred for 2 h. The reaction mixture 
5 was concentrated and purified by chromatography on silica gel (10:1 rO.OS/CHaClaiMeOH: 
NH3.H2O) to afford mesylate 307 (135 mg, 81% yield). Data for 307: ^HNMR (300 MHz, 
CDCI3): 5 7.85 (d, J- 9 Hz, 2H), 7.54 (d, J= 9 Hz, 2H), 4.96 (m, IH), 4.50 (dd, J = 3, 12 Hz, 
IH), 4.42 (dd, J = 3, 12 Hz, IH), 4.16 (t, J= 9 Hz, IH), 3.89 (dd, J = 6, 9 Hz, IH), 2.90 (s, 3H), 
2.80 (s, 3H). 

10 A mixture of 307 (135 mg, 0.30 mmol) and sodium azide (101 mg, 1.56 mmol) in DMF 

(1 mL) was heated at SO'^C for 2 h. The reaction mixture was diluted with CH2CI2 (10 mL), 
filtered, concentrated and purified by flash chromatography to afford crude azide 308 (118 mg), 
which was of sufficient purity to be used in subsequent reactions. Data for 308: ^HNMR (300 
MHz, CDCI3-CD3OD): 8 7.73 (d, J- 8 Hz, 2H), 7.43 (d, J= 8 Hz, 2H), 4.67 (m, IH), 3.97 (t, J 

15 = 9 Hz, IH), 3.71(dd, J = 7, 8 Hz, IH), 3.57 (dd, J = 3, 13 Hz, IH), 3.41 (dd, J = 4, 13 Hz, IH), 
2.76 (s, 3H). 

Synthesis of triazole 221 

A mixture of alkyne 173 (118 mg, 0.15 mmol), azide 308 (118 mg, prepared as above) 
and copper (I) iodide (28.5 mg, 0.15 mmol) in THF (5 mL) was repeatedly degassed and flushed 

20 with argon. i-Pr2NEt (0.26 mL) was introduced and the mixture was stirred at room temperature 
for 2 h. The reaction mixture was poured into saturated NH4CI (30 mL) and stirred for 15 
minutes. The mixture was extracted with CH2CI2, washed with brine, dried over MgS04 and 
concentrated. The crude material was chromatographed on silica gel (10:1 :0.05 
CH2Cl2/MeOH/lSIH3.H20) to provide triazole 221 (108 mg, 62% yield) as a white foam. Data for 

25 221: MS (ESI) m/z 1 162.3 (M+Hf; ^HNMR (300 MHz, CDCI3-DMSO, partial): 5 7.91 (d, J= 9 
Hz, 2H), 7.85 (s, IH), 7.51 (d, /= 9 Hz, 2H), 3.35 (s, 3H), 3.33 (s, 3H), 3.32 (s, 3H), 0.89 (t, 
8 Hz, 3H). 

Example 29 - Synthesis of Triazole 222 

Scheme 53 details the synthesis of triazole 222. Sulfonamide 309 was protected as the 
30 sulfonamidine 310 prior to conversion to oxazolidinone alcohol 311. Alcohol 311 was 
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transformed to azide 314 via functional group interconversion followed by hydrolysis of the 
amidine protecting group. Cycloaddition of 314 with alkyne 173 provided triazole 222. 



Scheme 53 
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Synthesis of sulf onamidine 310 

A solution of sulfonamide 309 (1.10 g, 3.59 mmol, prepared from 3-nitrobenzenesulfonyl 
chloride by using similar procedures described for the preparation of 305), thionyl chloride (1.30 
mL, 17.97 mmol) and DMF (5 mL) in CH2CI2 (20 mL) was refluxed for 0.5 h. The reaction was 
cooled with an ice-bath and neutralized with saturated NaHCOs. The organic phase was 
separated, washed with brine, dried over MgS04 and evaporated to provide 310 as a white solid 
(1.25 g, 96% yield). Data for 310: ^HNMR (300 MHz, CDCI3): 5 8.12 (s, IH), 7.81 (t, J= 4 Hz, 
IH), 7.74 (m, IH), 7.59 (m, IH), 7.44-7.35 (m, 6H), 6.98 (br s, IH), 5.22 (s, 2H), 3.12 (s, 3H), 
3.02 (s, 3H). 

Synthesis of alcohol 311 

To a solution of 310 (724 mg, 2.0 mmol) in THF (16 mL) was added n-BuLi (1.5 mL, 2.5 

M in hexane, 3.5 mmol) at -78°C and the mixture was stirred for 30 min. (i?)-(-)-Glycidyl 
butyrate (0.35 mL, 2.5 mmol) was added, the reaction was stirred at -78''C for 3 h, and then 
warmed to room temperature and stirred overnight. The reaction was carefully quenched with 
saturated NH4CI and extracted with EtOAc. The organic phase was washed with brine, dried 
(MgS04) and concentrated. The residue was dissolved in 10 mL of methanol and sodium 
methoxide (0.2 mL, 30% wt/wt in methanol) was added. After stirring at room temperature for 2 
h, the mixture was concentrated and purified by chromatography on silica gel 
(25:l:0.05/CH2Cl2:MeOH:NH3.H2O) to afford 311 as a white solid (350 mg, 53% yield). Data 
for 311: ^HNMR (300 MHz, CDCI3): 8 8.06 (s, IH), 7.87 (dd, J= 2, 8 Hz, IH), 7.79 (t, J= 2 
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Hz, IH), 7.57 (m, IH), 7.39 (t, J= 8 Hz, IH), 4.70 (m, IH), 3.99 (m, 2H), 3.92 (dd, J- 3, 12 Hz, 
IH), 3.70 (dd, J= 4, 12 Hz, IH), 3.08 (s, 3H), 2.96 (s, 3H). 



Synthesis of azide 314 

To a solution of alcohol 311 (170 mg, 0.52 mmol) and EtsN (58 mg, 0.57 mmol) in 
5 CH2CI2 (10 mL) was added methanesulfonyl chloride (72 mg, 0.62 nimol) at 0°C and the 

mixture was stirred for 30 min. The CH2CI2 solution was washed Avith brine, dried (MgS04) and 
concentrated to afford mesylate 312 (200 mg, 95% yield). Data for 312: ^HNMR (300 MHz, 
CDCI3): 5 8.05 (s, IH), 7.79 (m, 2H), 7.56 (d, J= 8 Hz, IH), 7.39 (t, J= 8 Hz, IH), 4.90 (m, 
IH), 4.45 (dd, J- 4, 12 Hz, IH), 4.37 (dd, J= 4, 12 Hz, IH), 4.14 (t, J= 9 Hz, IH), 3.91 (dd, J= 
10 6, 9 Hz, IH), 3.08 (s, 3H), 3,03 (s, 3H), 2.95 (s, 3H). 

A mixture of mesylate 312 (105 mg, 0.26 mmol) and sodiimi azide (67 mg, 1.04 mmol) 
in DMF (2 mL) was heated at 80°C for 2 h. The reaction was then diluted with ethyl acetate, 
washed with brine, dried (MgS04) and evaporated to provide azide 313 as a white solid (80 mg, 
87% yield). Data for 313: ^HNMR (300 MHz, CDCI3): 5 8.06 (s, IH), 7.84 (m, IH), 7.78 (t, J= 
15 2 Hz, IH), 7.56 (d, J= 8 Hz, IH), 7.40 (t, J= 8 Hz, IH), 4.77 (m, IH), 4.07 (t, J== 9 Hz, IH), 
3.84 (dd, J= 6, 9 Hz, IH), 3.67 (dd, J= 4, 13 Hz, IH), 3.53 (dd, J= 4, 13 Hz, IH), 3.08 (s, 3H), 
2.95 (s, 3H). 

To a solution of azide 313 (80 mg, 0.23 mmol) in methanol (5 mL) was added 
concentrated HCl (0.5 mL). After refluxing for 4 h, the reaction was cooled with an ice-bath and 
20 neutralized with saturated NaHCOs. The resulting mixture was extracted with CH2CI2, washed 
with brine, dried over MgS04 and evaporated to provide 314 (58 mg, 86% yield). Data for 314: 
^HNMR (300 MHz, CDCI3-CD3OD): 5 7.86 (m, IH), 7.68 (d, J= 8 Hz, IH), 7.55 (d, J= 8 Hz, 
IH), 7.39 (t, J= 8 Hz, IH), 4.75 (m, IH), 4.04 (t, J= 9 Hz, IH), 3.80 (dd, J= 6, 9 Hz, IH), 3.64 
(dd, J= 4, 13 Hz, IH), 3.47 (dd, J= 4, 13 Hz, IH). 

25 Synthesis of triazole 222 

To a solution of alkyne 173 (79 mg mg, 0.10 mmol), azide 314 (36 mg, 0.12mmol) and 
copper (I) iodide (38 mg, 0.2 mmol) in THF (5 mL) under argon was added i-Pr2NEt (0.18 mL). 
After stirring at room temperature for 2 h, the reaction mixture was poured into saturated NH4CI 

(30 mL) and stirred for 15 minutes. The mixture was extracted with CH2CI2, washed with brine, 
30 dried over MgS04 and concentrated. The crude material was chromato graphed on silica (10:1 
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CHaClz/MeOH) to provide triazole 222 (65 mg, 60% yield) as a white foam. Data for 222: MS 
(ESI) m/z 1084.4 (M+H)""; ^HNMR (300 MHz, CDCI3-DMSO, partial): 6 7.76 (s, IH), 7.71 (4 J 
= 8 Hz, IH), 7.59 (s, IH), 7.57 (s, IH), 7.36 (t, J= 8 Hz, H), 0.81 (t, J= 7 Hz, 3H). 

Example 30 - Synthesis of Triazoles 223 and 224 

Scheme 54 details the synthesis of triazoles 223 and 224. Sulfonamide 305 was protected 
as sulfonamidine 315 prior to conversion to oxazolidinone alcohol 316. Transformation of 316 
to azide 319 as described previously was followed by cycloaddition of 319 with alkyne 173 to 
produce triazole 223. Hie cycloaddition of intermediate azide 318 with alkyne 173 afforded 
triazole 224. 



10 Scheme 54 
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Synthesis of sulfonamidine 315 



15 



Sulfonamidine 315 was synthesized using the same procedure described for the 
preparation of 310; 0.92 g of 305 afforded 1.02 g of 315 (94% yield). Data for 315: ^HNMR 
(300 MHz, CDCI3): 5 8.10 (s, IH), 7.81 (d, J- 9 Hz, 2H), 7.47 (d, J= 9 Hz, 2H), 7.41-7.34 (m, 
5H), 6.89 (br s, IH), 5.20 (s, 2H), 3.11 (s, 3H), 3.00 (s, 3H). 
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Alcohol 316 was synthesized using the same procedure described for the preparation of 
311; 0.97 g of 315 afforded 0.60 g of 316 (69% yield). Data for 316: ^HNMR (300 MHz, 
CDCI3-CD3OD): 8 8.03 (s, IH), 7.79 (d, J= 9 Hz, 2H), 7.59 (d, J= 9 Hz, 2H), 4.68 (m, IH), 
5 3.98 (m, 2H), 3.84 (dd, J= 4, 13 Hz, IH), 3.64 (dd, J= 4, 13 Hz, IH), 3.08 (s, 3H), 2.95 (s, 3H). 

Synthesis of azide 318 

Mesylate 317 was synthesized using the same procedure described for the preparation of 
312; 176 mg of 316 afforded 210 mg of 317 (96% yield). Data for 317: ^HNMR (300 MHz, 
CDCI3): 6 8.06 (s, IH), 7.83 (d, J = 9 Hz, 2H), 7.57 (d, J= 9 Hz, 2H), 4.90 (m, IH), 4.41 (m, 
10 2H), 4.13 (t, J= 9 Hz, IH), 3.94 (dd, J= 6, 9 Hz, IH), 3.10 (s, 3H), 3.06 (s, 3H), 2.95 (s, 3H). 

Azide 318 was sjoithesized using the same procedure described for the preparation of 
313; 210 mg of 317 afforded 180 mg of 318 (98% yield). Data for 318: ^HNMR (300 MHz, 
CDCI3): 5 8.04 (s, IH), 7.82 (d, J = 9 Hz, 2H), 7.60 (d, J= 9 Hz, 2H), 4.90 (m, IH), 4.08 (t, J= 
9 Hz, IH), 3.85 (dd, J= 6, 9 Hz, IH), 3.70 (dd, J= 4, 13 Hz, IH), 3.55 (dd, 4, 13 Hz, IH), 
15 3.09 (s, 3H), 2.96 (s, 3H). 

Synthesis of azide 319 

Azide 319 was synthesized using the same procedure described for the preparation of 
314; 150 mg of 318 afforded 1 18 mg of 319 (93% yield). Data for 319: ^HNMR (300 MHz, 
CDCI3-CD3OD): 5 7.78 (d, J= 9 Hz, 2H), 7.56 (d, J= 9 Hz, 2H), 4.74 (m, IH), 4.04 (t, /= 9 Hz, 
20 IH), 3.80 (dd, J= 6, 9 Hz, IH), 3.64 (dd, J= 4, 13 Hz, IH), 3.48 (dd, J= 4, 13 Hz, IH). 

Synthesis of triazole 223 

Triazole 223 was synthesized using the same procedure described for the preparation of 
222; the reaction of alkyne 173 (118 mg, 0.15 mmol) and azide 319 (54 mg, 0.18 mmol) afforded 
150 mg of 223 (92% yield). Data for 223: MS (ESI) m/z 1084.4 (M+H)*; ^HNMR (300 MHz, 
25 CDCI3, partial): 6 7.77 (d, J= 9 Hz, 2H), 7.55 (s, IH), 7.45 (d, J= 9 Hz, 2H), 3.26 (s, 3H), 0.82 
(t, J=8Hz,3H). 
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Triazole 224 was synthesized using the same procedure described for the preparation of 
222; the reaction of alkyne 173 (79 mg, 0.10 mmol) and azide 318 (43 mg, 0.12 mmol) afforded 
93 mg of 224 (82% yield). Data for 224: MS (ESI) m/z 1139.7 (M+H)""; ^HNMR (300 MHz, 
CDCI3, partial): 6 8.04 (s, IH), 7.78 (d, J= 9 Hz, 2H), 7.54 (s, IH), 7.45 (d, 9 Hz, 2H), 3.27 
(s, 3H), 3.07 (s, 3H), 2.94 (s, 3H), 0.82 (t, J= 8 Hz, 3H). 

Example 31 - Synthesis of Triazoles 225-227 

Scheme 55 details the synthesis of triazole 225. 354-Dichloroaniline was converted to 
carbamate 320 before being carried further through alcohol 321 to azide 323. The cycloaddition 
of 323 with alkyne 173 gave triazole 225. Triazoles 226 and 227 were synthesized from the 
requisite anilines using the same sequence as described in Scheme 55, 

Scheme 55 
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Synthesis of carbamate 320 

Sodium bicarbonate (2.60 g, 24.7 mmol) was dissolved in water (22 mL) and 3,4- 
dichloroaniline (2.0 g, 12.34 nmiol) was added. The mixture was cooled to 0°C, and benzyl 
chloroformate (1.76 mL, 12.34 mmol) was added. The mixture was stirred 5 min at C'C, the 
cold bath removed, and then stirring was continued at room temperature overnight (—16 hours). 
The mixture was evaporated, and partitioned with a 1 :1 mixture of ethyl acetate and water. The 
organic layer was washed with water, and then brine. The organic layer was dried with Na2S04, 
and evaporated to yield 320 (3.60 g, 99% yield) of suitable purity for use in subsequent 



271 



wo 2004/029066 PCT/US2003/030478 

reactions. Data for 320: ^BNMR. (300 MHz, CDCI3): 5 7.18-7.14 (m, 5H), 7.42 (s, IH), 6.98 
(dd, J= 11, 3 Hz, IH), 6.48 (s, IH), 5.06 (s, 2H). 



Synthesis of alcohol 321 

Carbamate 320 (3.60g, 12.16 mmol) was dissolved in 10 ivL tetrahydrofuran, and the 
5 solution cooled to -78°C. n-Butyllithixun (2.5 M in hexane, 7.6 mL, 12.16 mmol) was added 
slowly, and the mixture allowed to stir for 45 min at -78°C. R-(-)-Glycidyl butyrate (1.75 mL, 
12.16 mmol) was added, and the mixture was stirred for 1 h at -78°C. The bath was removed 
and the reaction allowed to stir overnight at room temperature. The reaction was quenched with 
25 nxL saturated ammonium chloride solution, and partitioned with ethyl acetate and water. The 
10 aqueous layer was extracted thrice with ethyl acetate, and the combined organic layer was 

washed with brine, dried (Na2S04), and evaporated to yield 321 (2.80 g, 88% yield) of suitable 
purity for use in subsequent reactions. Data for 321: ^HNMR (300 MHz, CDCI3): 5 7.59 (s, 
IH), 7.33 (s, IH), 4.68 (m, IH), 3.91 (m, 3H), 3.67 (dd, J- 16, 4 Hz, IH). 

Synthesis of azide 323 

15 Alcohol 321 (2.80 g, 10.68 mmol) was dissolved in 10 mL methylene chloride, and the 

mixture cooled to 0°C. Triethylamine (3.0 mL, 21.37 mmol) was added, followed by 
methanesulfonyl chloride (1.15 mL, 15.0 mmol). The mixture was allowed to warm to room 
temperature and stirred for 1 h. Methylene chloride (20 mL) was added, and the mixture washed 
twice with IN HCl, then twice with 10% aqueous sodium carbonate, and then brine. The organic 

20 phase was dried (Na2S04), and evaporated to yield mesylate 322 (3.60 g, 99%> yield). Data for 
322: ^HNMR (300 MHz, CDCI3): 8 7.67 (s, IH), 7.42 (s, 2H), 4.94 (m, IH), 4.47 (m, 2H), 4.26 
(m, IH), 4.0 (m, IH), 3.03 (s, 3H). 

A solution of mesylate 322 (3.60 g, 10.58 mmol) in dimethylformamide (10 mL) was 
treated with sodium azide (2.6 g, 40.21 mmol) and the mixture heated to 80°C for 5 h. The 
25 reaction mixture was cooled to room temperature, diluted with ethyl acetate (100 mL), and 

washed with brine (2 x 50 mL). Drying (Na2S04), and evaporation provided azide 323 (2.53g, 
84% yield) as a yellow solid of suitable purity for use in subsequent reactions. Data for 323: 
^HNMR (300 MHz, CDCI3): S 7.61 (s, IH), 7.30 (s, 2H), 4.75 (m, IH), 4.01 (m, IH), 3.75 (m, 
IH), 3.66 (dd, J= 17, 4 Hz, IH), 3.51 (dd, J= 4, 17 Hz, IH). 
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Synthesis of triazole 225 

A solution of alkyne 173 (170 mg, 0.220 mmol) in tetrahydrofuran (10 mL) was treated 
with azide 323 (100 mg, 0.320 mmol), iy;iV-diisopropylethylamine (0.05 mL, 0.22 mmol) and 
copper (I) iodide (0.03 g, 0.160 mmol), and the mixture was stirred xmder argon at room 

5 temperature for 16 h. The reaction mixture was diluted willi ethyl acetate (50 mL), and washed 
with brine (2 x 50 mL). The organic phase was dried and evaporated. The residue was purified 
by preparative thin layer chromatography usmg (80% CH2CI2, 20% MeOH, 1 % NH4OH) to 
provide triazole 225 (180 mg, 77% yield) as a white solid. Data for 225: MS (ESI) m/z 1075 
(M+H)-"; ^HNMR (300 MHz, CDCI3, partial): 5 7.95 (s, IH), 7.46 (s, IH), 7.20 (d, J= 8 Hz, 

10 IH), 7.04 (s, 2H), 5.04-4.93 (m, IH), 4.91 (s, 2H), 4.28 (d, J= 6 Hz, IH), 3.98-3.92 (m, 2H), 
3.61 (s, IH), 3.59-3.48 (m, IH), 3.34 (s, IH), 3.19 (s, IH), 3.06 (m, IH), 2.94 (m, IH). 

Synthesis of triazoles 226 and 227 

These compounds were synthesized from the requisite anilines using the procedures 
described above for the synthesis of triazole 225. 

15 Data for 226: ^H-NMR (300 MHz, CDCI3, partial): 6 8.01 (s, IH), 7.60 (s, IH), 7.02 (m, 

IH), 6.77 (m, IH), 4.98-4.68 (m, IH), 4.37 (s, 2H), 4.13-4.04 (m, 2H), 3.89 (m, IH), 3.26 (s, 
IH), 2.84 (m, 2H), 2.66 (m, 2H). 

Data for 227: ^H-NMR (300 MHz, CDCI3, partial): 8 7.50 (s, IH), 7.00 (s, IH), 6.82 (d, 
J= 9 Hz, IH), 6.64 (d, J= 9 Hz, IH), 5.02-4.89 (s, IH), 4.53 (m, 2H), 4.34 (m, 2H), 3.19 (m, 
20 IH), 2.96 (m, IH), 2.93 (m, 2H), 2.86 (m, 2H). 

Example 32 - Synthesis of Triazole 228 

Scheme 56 details the synthesis of triazole 228. 5-Aininoquinoline was converted to 
oxazolidinone alcohol 325 via carbamate 324. The alcohol of 325 was the transformed to azide 
326, which was parlayed to triazole 228 via cycloaddition with alkyne 173. 
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Scheme 56 




Synthesis of azide 326 

To a stirred 0°C solution of 5-aminoquinoline (1.0 g, 6.9 mmol) in 2:1 acetone/water (15 
5 mL) was added NaHCOa (1 .0 g, 13 .7 mmol) followed by benzyl chloroformate (1 . 1 mL, 7.7 
mmol). The reaction mixture was allowed to warm to room temperature and stirred for 2h then 
cooled to 0°C and filtered. The filtrate was washed with water and ether and dried in a vacuum 
oven at 40°C ovemight. The yellow solid (carbamate 324) thus obtained (1 .9 g, 100% yield) was 
used as-is without further pxu*ification. 

10 To a mixture of 324 (1 .9 g, 6.9 mmol) in 25 mL THF at -78^C was added 4.3 mL (6.9 

mmol) of 1.6M «-butyllithium-hexane over 5 minutes. After 30 minutes, 1 mL of (i2)-glycidyl 
butyrate was added and the mixture allowed to stir at -78°C for 1 hour and then at room 
temperature for 16 hr. Saturated ammonium chloride was added (25 mL) followed by ethyl 
acetate (100 mL). The layers were separated and the aqueous layer extracted with ethyl acetate 

15 (3 x 50 mL). The combined organic extracts were dried on MgS04, filtered and concentrated to 
provide 2.3 g of yellow soUd which was purified by silica gel chromatography (50 mm x 6" 
column, eluted with 1 : 1 hexane/EtOAc to afford alcohol 325 as a yellow solid (450 mg, 27% 
yield). 

To a stkred solution of 325 (300 mg, 1.2 mmol) in DMF (5 mL) was added triethylamine 
20 (0.34 mL, 2.4 mmol) followed by methanesulfonyl chloride (95 |liL, 1 .2 mmol). The mixture 

was stirred at room temperature and for 2h, and then sodium azide (1 g, 15 mmol) was added and 
the slmry stirred overnight. The mixture was diluted with water (100 mL) and extracted with 
ethyl acetate (3x50 mL). The combined orgatiic extracts were washed with brine, dried 
(Na2S04), filtered and concentrated to give 287 mg of azide 326 as an off-white solid which was 
25 used without further purification. 
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To a stirred solution of alkyne 173 (50 mg, 64 |Liniol) in THF (250 jiL) was added azide 
326 (18 mg, 67 \imol) and cuprous iodide (5 mg, 26 ^imol). The resulting mixture was degassed 
by alternately applying vacuum and purging with argon gas. The mixture was stirred under 
5 argon at ambient temperature for 16 h. The entire reaction mixture was then placed atop a silica 
gel flash chromatography column and eluted with 100:3 CH2CI2/ 2N NH3 in MeOH to afford the 
desired triazole adduct 228 as a white solid (50 mg, 74% yield). Data for 228: MS (ESI) m/z 
322.9 (M+3H)^^ 528.6 (M+2H)^^ 1056.4 (M+H)^ 1078.3 (M+Na)""; ^HNMR (300 MHz, CDCI3, 
partial): 5 9.05 (d, J= 3 Hz, IH), 8.05 (m, 2H), 7.90 (bs, IH), 7.71 (dd, J= 8, 3 Hz, IH), 7.48 (s, 
10 IH), 7.50 (d, J= 7.0 Hz, IH), 5.18-5.01 (m, IH), 4.95 (d, J= 5 Hz, IH), 4.75 (d, J= 4 Hz, 2H), 
4.58 (dd, J= 10, 2 Hz, IH), 4.38 (d, J- 7 Hz, IH), 4.25 (t, J= 9 Hz, IH), 4.06 (dd, J= 9, 6 Hz, 
IH), 4.08-3.92 (m, IH), 3.79 (d, J= 7 Hz, IH), 3.26 (s, 3H), 3.15 (dd, J= 10, 7 Hz, IH), 2.95 (t, 
J= 10 Hz, IH), 2.28 (s, 3H), 2.20 (s, 3H), 0.82 (m, 6H). 

Example 33 - Synthesis of Triazoles 229-232 

15 Scheme 57 details the synthesis of targets 229-232. Hex-5-yn-l-ol was converted to 

tosylate 327 which served as an alkylating agent for amine 171. Acetylene 328 was the 
precursor for cycloaddition reactions with azides 326, 158, 189, and 188 to yield triazoles 229, 
230, 231, and 232 respectively. 

Scheme 57 



229 




20 

Synthesis of tosylate 327 

To a stirred, ice-cold solution of hex-5-yn-l-ol (1.0 g, 10.2 mmol) in ether (20 mL) was 
added /7-toluenesulfonyl chloride (2.14 g, 11.2 rmnol). Powdered KOH (1.1 g, 20.4 mmol) was 
then added portion-wise over 5 minutes. The slurry was stirred at 0°C for 3 hours then poured 
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into 100 mL water, and extracted with ether (2 x 50 mL). The combined organic extracts were 
washed with brine, dried over MgS04, JBltered, and concentrated to afford 327 as a colorless oil 
(2.3 g, 89% yield). Data for 327: ^HNMR (300 MHz, CDCI3): 6 7.80 (d, J= 8 Hz, 2H), 7.35 (d, 
/= 8 Hz, 2H), 4.05 (t, J= 6 Hz, 2H) 2.45 (s, 3H), 2.19 (td, J= 7, 3 Hz, 2H), 1.79 (pent, J= 7 Hz, 
5 2H), 1.55 (pent, J= 7 Hz, 2H); ^^C NMR (75 MHz, CDCI3): 8 144.8, 133.0, 129.9, 127.9, 83.4, 
69.9, 69.0, 27.7, 24.2, 21.6, 17.7. 

Synthesis of alkyne 328 

A 20 mL vial was charged vnUi tosylate 327 (0.20 g, 0.85 mmol), N-desmethyl 
azithromycin 171 (0.5 g, 0.68 mmol), and Hunig's base (10 mL), and then purged with argon gas 

10 and sealed. The solution was stirred in a 100°C oil bath for 6 h. After cooling to room 

temperature, the reaction mixture was poured into saturated aqueous NaHCOs (50 mL) and 
extracted with CH2CI2 (3 x 50 mL). The combined organic extracts were washed with brine, 
dried over K2CO3, filtered, and concentrated to afford 0.8 g of a white solid. Purification by 
silica gel flash chromatography (25 mm x 6" colimin eluted with 50:1 CH2CI2/2N NH3 in 

15 MeOH) gave 328 as a wliite solid (0.38 g, 68% yield). Data for 328: MS (ESI) m/z 408.0 
(M+2H)^'', 815.3 (M+H)"". 

Synthesis of triazole 229 

To a stirred solution of alkyne 328 (50 mg, 63 |Limol) in THF (250 |-iL) was added azide 
326 (18 mg, 67 |u.mol) and cuprous iodide (5 mg, 26 |4.mol). The resulting mixture was degassed 

20 by alternately applying vacuum and purging with argon gas. The mixtxire was stirred xmder 

argon at ambient temperature for 16 h. The entire reaction mixture was then placed atop a silica 
gel flash chromatography column and eluted witli 100:3 CH2CI2/ 2N NH3 in MeOH to afford the 
desired triazole adduct 229 as a white solid (54 mg, 76% yield). Data for 229: MS (ESI) m/z 
332.2 (M+3Hf^, 542.5 (M+2H)2% 1070.3 (M+Hf 1092.2 (M+Na)""; ^HNMR (300 MHz, CDCI3, 

25 partial): 8 9.10 (d, J= 3 Hz, IH), 8.05 (m, 2H), 8 (bs, IH), 7.72 (dd, J= 8, 3 Hz, IH), 7.48 (s, 
IH), 7.50 (d, J= 7 Hz, IH), 5.20-5.03 (m, IH), 4.95 (d, J= 5 Hz, IH), 4.75 (d, J= 4 Hz, 2H), 
4.58 (dd, J= 10, 2 Hz, IH), 4.36 (d, J= 7 Hz, IH), 4.23 (t, J= 9 Hz, IH), 4.07 (dd, J= 9, 6 Hz, 
IH), 4.08-3.94 (m, IH), 3.79 (d, J= 7 Hz, IH), 3.24 (s, 3H), 3.15 (dd, J= 10, 7 Hz, IH), 2.95 (t, 
J= 10 Hz, IH), 2.28 (s, 3H), 2.20 (s, 3H), 0.83 (m, 6H). 
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To a stirred solution of 328 (35 mg, 43 jamol) in THF (150 iiL) was added Hunig's base 
(30 i^L), azide 158 (28 mg, 86 pmol), and cuprous iodide (4 mg, 21 |Limol). The mixture was 
degassed by alternately applying vacuum and purging with argon gas. The slurry was stirred 
under argon at ambient temperature for 4 h. The enthe reaction mixture was then placed atop a 
silica gel flash chromatography column and eluted with 50:1 CH2CI2/ 2N NH3 in MeOH to 
afford triazole 230 as a white solid (24 mg, 50% yield). Data for 230: MS (ESI) m/z 568.8 
(M+2H)^^, 1 136.4 (M+H)""; ^HNMR (300 MHz, CDCI3, partial): 5 8.45 (bs, IH), 7.55 (s, IH), 
7.33 (dd, J= 14, 2 Hz, IH), 6.98 (dd, J= 9, 2 Hz, IH), 6.90 (dd, J= 14, 9 Hz, IH), 5.10-4.95 (m, 
2H), 4.80-4.60 (m, 2H), 4.50 (d, J- 7 Hz IH), 3.32 (s, 3H), 2.32 (bs, 3H), 2.22 (bs, 3H), 0.90 
(m, 6H). 

Synthesis of triazole 231 

To a stirred solution of 328 (35 mg, 43 junol) in THF (150 ixL) was added Hxmig's base 
(30 jLiL), azide 189 (20 mg, 86 inmol) and cuprous iodide (4 mg, 22 jixmol). The resulting slurry 
was degassed by alternately applying vacuum and purging with argon gas. The mixture was 
stirred under argon at ambient temperature for 4 h. The entire reaction mixture was then placed 
atop a silica gel flash chromatography column and eluted with 50:1 CH2CI2/ 2N NH3 in MeOH 
to afford the triazole adduct 231 as a white solid (31 mg, 70% yield). Data for 231: MS (ESI) 
m/z 526 A (M+2H)^^ 1073.5 (M+Na)""; ^HNMR (300 MHz, CDCI3, partial): 5 8.6 (bs, IH), 7.55 
(s, IH), 7.4-7.2 (m, 2H), 7.08 (dd, J= 8, 2 Hz, IH), 6.78 (td, J= 6, 2 Hz, 2H), 5.1-5.0 (m, 2H), 
4.8-4.6 (m, 3H), 4.4 (d, J= 7 Hz, IH), 3.95 (dd, J- 9, 6 Hz, IH), 3.31 (s, 3H), 2.32 (bs, 3H), 
2.25 (s, 3H), 0.82 (m, 6H). 

Synthesis of triazole 232 

To a stirred solution of 328 (50 mg, 62 lamol) in THF (150 \xL) was added azide 188 (18 
mg, 65 pmol) and cuprous iodide (5 mg, 26 |Limol). The resulting mixture was degassed by 
altemately applying vacuum and purgmg with argon gas. The mixture was stirred under argon at 
ambient temperature for 16 h. The entire reaction mixture was then placed atop a silica gel flash 
chromatography column and eluted with 50:1 CH2CI2/2N NH3 in MeOH to afford the desired 
triazole adduct 232 as a white solid (54 mg, 81% yield). Data for 232: MS (ESI) m/z 538.4 
(M+2H)^"', 1075.4 (M+Hf; ^HNMR (300 MHz, CDCI3, partial): 5 7.87 (dd, J= 7, 2 Hz, 2H), 
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7.70 (bs, IH), 7.45 (dd, J= 9, 2 Hz, 2H), 4.90 (d, J= 4 Hz, IH), 4.75-4.60 (m, 2H), 4.58 (d, J= 
9 Hz, IH), 4.39 (d, J= 7 Hz, IH), 4.20 (d, J= 5 Hz, IH), 4.18 (t, J= 9 Hz, IH), 4.10-3.90 (m, 
IH), 3.92 (dd, , J= 10, 6 Hz, IH), 3.32 (s, 3H), 3.15 (dd, J= 10, 7 Hz, IH), 2.95 (t, 10 Hz, 
IH), 2.28 (s, 3H), 2.20 (s, 3H), 0.82 (m, 6H). 

5 Example 34 - Synthesis of Triazoles 233 and 234 

Synthesis of triazole233 

Compound 180 (50 mg, 49 nmol) was dissolved in EtOH (1.6 mL), and IN HCl (aq) was 
then added (0.4 mL) and the solution stirred at room temperature for 12 h. The reaction mixture 
was diluted with 10 mL aq. 0.2N HCl and washed with CH2CI2 (3x10 mL). The aqueous layer 

10 was then adjusted to pH 10 by addition of 2N KOH and extracted with CH2CI2 (2 x 10 mL). The 
latter two extracts were dried on K2CO3, filtered and concentrated to afford 233 as a solid (37 
mg, 87% yield). Data for 233: MS (ESI) m/z 433.4 (M+2H)^\ 865.3 (M+H)^ 887.3 (M+Na)*; 
^HNMR (300 MHz, CDCI3, partial): 8 7.59 (s, IH), 7.35-7.20 (m, 2H), 7.05 (dd, J= 8, 2 Hz, 
IH), 6.78 (td, J= 8, 2 Hz, 2H), 4.98 (m, IH), 4.75-4.60 (m, 3H), 4.35 (d, J= 7 Hz, IH), 4.15- 

15 3.98 (m, 2H), 3.88 (dd, J= 9, 6 Hz, IH), 3.7 (dd, J= 10, 4 Hz, IH), 2.31 (bs, 3H), 2.10 (s, 3H), 
0.82 (m, 6H). 

Synthesis of triazole 234 

Compound 231 (10 mg, 8.8 nmol) was dissolved in EtOH (0.8 mL), and IN HCl (aq) 
was then added (0.2 mL) and the solution stirred at room temperature for 12 h. The reaction 

20 mixture was diluted with 10 mL aq. 0.2N HCl and washed with CH2CI2 (3x10 mL). The 

aqueous layer was then adjusted to pH 10 by addition of 2N KOH and extracted with CH2CI2 (2 
X 10 mL). The latter two extracts were dried on K2CO3, filtered, and concentrated to afford 234 
as a solid (7 mg, 89% yield). Data for 234: MS (ESI) m/z 447.2 (M+2H)^^ 893.5 (M+H)"^; 
^HNMR (300 MHz, CDCI3, partial): 5 7.59 (s, IH) 7.35-7.20 (m, 2H), 7.00 (dd, J= 8, 2 Hz, 

25 IH), 6.78 (td, J= 8, 2 Hz, 2H), 5.05-4.95 (m, IH), 4.75-4.60 (m, 3H), 4.40 (d, J= 7 Hz IH), 
4.15-3.98 (m, 2H), 3.88 (dd, J= 9, 6 Hz, IH), 3.70 (dd, J= 10.4, 4.43 Hz, IH), 2.31 (bs, 3H), 
2.10 (s, 3H), 0.82 (m, 6H). 

Example 35 — Synthesis of Triazoles 235 and 236 

Scheme 58 illustrates the synlhesis of triazoles 235 and 236. 2-Penten-4-yn-l-ol was 
30 converted to tosylate 329 which was used to alkylate amine 171 to yield enyne 330. The 
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cycloaddition of alkyne 330 with azide 158 and 189 gave triazole products 235 and 236 
respectively. 



Scheme 58 




5 Synthesis of tosylate 329 

To a stirred ice-cold solution of 2-penten-4-yn-l-ol (0.821 g, 10 mmol) in ether (25 niL) 
was added j!?-toluenesulfonyl chloride (2.0 g, 10.5 mmol). Powdered KOH (1.0 g, 17.8 mmol) 
was then added portionwise over 5 minutes. The slurry was stirred at 0°C for 45 minutes. The 
reaction mixture was poured into 100 mL water, and extracted with ether (2 x 50 mL). The 
10 combined organic extracts were washed with brine, dried over MgS04, filtered, and concentrated 
to afford 329 as a yellow oil (2.1 g, 89% yield). Data for 329: ^HNMR (300 MHz, CDCI3): 5 
7.80 (d, J= 8 Hz, 2H), 7.35 (d, J= 8 Hz, 2H), 6.12 (dt, J- 16, 6 Hz, IH), 5.70 (ddd, J= 16, 2, 2 
Hz, IH), 4.60-4.50 (m, 2H), 2.95 (d, 2, Hz IH), 2.45 (s, 3H); ^^C NMR (75 MHz, CDCI3): 5 
145.1, 135.9, 132.9, 130.0, 127.9, 113.9, 80.3, 79.8, 69.0, 21.66. 

1 5 Synthesis of enyne 330 

A 20 mL vial was charged with tosylate 329 (0.20 g, 0.85 mmol), N-desmethyl 
azithromycin 171 (0,5g, 0.68 mmol), and Hunig's base (10 mL) then purged with argon gas and 
sealed. The solution was stirred in a lOO^C oil bath for Ih. After cooling to room temperature, 
the reaction mixture was poured into saturated aqueous NaHCOs (50 mL) and extracted with 

20 CH2CI2 (3 X 50 mL). The combined organic extracts were washed with brine, dried over K2CO3, 
filtered, and concentrated to afford 0.72 g of a viscous yellow oil. Purification by silica gel flash 
chromatography (25 mm x 6" column eluted with 50: 1 CH2CI2/2N NH3 in MeOH) gave 330 as a 
yellow solid (0.48 g, 88% yield). Data for 330: MS (ESI) m/z 400.2 (M4-2H)^"', 799.3 (M+H)"", 
821.2 (M+Na)""; ^HNMR (300 MHz, CDCI3, partial): 5 8.00 (bs, IH), 6.20 (dt, J- 16, 7, Hz, 

25 IH), 5.70-5.60 (m, IH), 5.00 (d, J= 4 Hz, IH), 4.65 (m, IH), 4.48 (d, J= 7 Hz, IH), 4.28 (dd, J 
- 6, 2 Hz, IH), 4.15-3.99 (m, IH), 3.82 (d, J- 6 Hz, IH), 3.65 (d, J= 7 Hz, IH), 3.60-3.40 (m. 
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IH), 3.32 (s, 3H), 3.32-3.20 (m, 2H), 2.32 (s, 3H), 2.26 (s, 3H), 0.86 (m, 6H); ^^C NMR (75 
MHz, CDCI3): 8 179.3, 144.4, 111.8, 103.8, 96.2, 85.1, 82.6, 79.7, 79.0, 78.5, 77.5, 75.7, 75.3, 
74.4, 73.8, 71.9, 71.0, 69.4, 66.5, 65.4, 62.9, 57.0, 50.39, 45.9, 43.4, 42.0, 37.6, 37.5, 35.9, 31.8, 
31.2, 28.2, 27.7, 22.8, 22.5, 22.2, 22.0, 19.3, 17.1, 16.3, 12.1, 10.3, 8.6. 

5 Synthesis of triazole 235 

To a stirred solution of 330 (20 mg, 25 |Limol) in THF (100 |liL) was added Hunig's base 
(20 |J,L), azide 158 (16 mg, 50 |Limol), and cuprous iodide (2.4 mg, 13 |Limol). The resulting 
mixture was degassed by altemately applying vacuum and purging with argon gas. The slurry 
was stirred imder argon at ambient temperature for 4 h. The entire reaction mixture was then 
10 placed atop a silica gel flash chromatography coliram and eluted with 50:1 CH2CI2/2N NH3 in 
MeOH to afford triazole 235 as a white solid (14 mg, 50% jdeld). Data for 235: MS (ESI) m/z 
560.8 (M+2H)^^ 1120.5 (M+H)""; ^HNMR (300 MHz, CDCI3, partial): 5 8.60 (bs, IH), 7.62 (s, 
IH), 7.40-7.20 (m, IH), 7.00-6.78 (m, 2H), 6.55-6.20 (m, 2H), 5.10-4.90 (m, 2H), 4.50 (d, J= 10 
Hz IH), 3.18 (s, 3H), 2.28 (bs, 3H), 2.16 (bs, 3H), 0.90 (m, 6H). 

1 5 Synthesis of triazole 236 

To a stirred solution of 330 (20 mg, 25 |Limol) in THF (100 |liL) was added Hunig's base 
(20 |j,L), azide 189 (16 mg, 50 |amol), and cuprous iodide (2.4 mg, 13 |amol). The resulting 
mixture was degassed by altemately applying vacuum and purging with argon gas. The slurry 
was stirred under argon at ambient temperature for 4 h. The entire reaction mixture was then 

20 placed atop a silica gel flash chromatography column and eluted with 50:1 CH2CI2/2N NH3 in 
MeOH to afford the desired triazole adduct 236 as a white solid (1 8 mg, 70% yield). Data for 
236: MS (ESI) m/z 518.2 (M+2H)^\ 1035.2 (M+H)^; ^HNMR (300 MHz, CDCI3, partial): 5 
8.70 (bs, IH), 7.65 (s, IH), 7.40-7.20 (m, 2H), 7.05 (dd, J- 8, 2 Hz, IH), 6.78 (td, J= 8, 2 Hz, 
2H), 6.60-6.20 (m, 2H), 5.10-4.90 (m, 2H), 4.40 (d, J= 7 Hz IH), 3.86 (dd, J= 9, 7 Hz, IH), 

25 3.21 (s, 3H), 2.22 (bs, 3H), 2.16 (s, 3H), 0.82 (m, 6H). 

Example 36 - Synthesis of Triazoles 237-240 

Scheme 59 illustrates the synthesis of triazoles 237-240. Propargyl alcohol was alkylated 
to afford silylether 331 and the silylether subsequently converted to tosylate 332. Alkylation of 
amine 171 with 332 afforded alkjaie 333. Cycloaddition of 333 Avith azides 189 and 158 yielded 
30 triazoles 237 and 238 respectively. Hydrolysis of 237 and 238 provided triazoles 239 and 240. 
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Synthesis of silylether 331 

To a stirred slurry of sodiirai hydride (0.28 6.97 mmol) in DMF (30 mL) was added 
5 propargyl alcohol (0.41 mL, 6.97 mmol) dropwise over 5 minutes. The mixture was stirred at 
room temperature for 45 min., then 2-[^butyldimethylsiloxy]-bromoethane (1.8 mL, 8.4 mmol) 
was added in one portion. After 16 hours the reaction mixture was poured into water (100 mL) 
and extracted with 1 : 1 hexane/ether (3 x 50 mL). The combined organic extracts were washed 
with brine, dried on MgS04, filtered and concentrated in vacuo to afford 331 as a colorless oil 
10 which was used as-is without fiirther purification (1.38 g, 92% yield). 

Synthesis of tosylate 332 

Siljdether 331 (0.86 g, 4 mmol) was dissolved in acetonitrile (20 mL) in a plastic culture 
tube and cooled to 0*^C. Aqueous HF (48% w/w, 1 mL) was then added and the solution stirred 
at 0°C for 3 hoxirs. The reaction mixture was poured slowly into 100 mL saturated aqueous 

15 NaHCOs and extracted with ether (3 x 50 mL). The combined organic extracts were washed 

with brine, dried (K2CO3), fiULtered, and concentrated to afford a colorless oil (0.5g). This oil was 
dissolved in anhydrous CH2CI2 (5 mL), cooled to 0°C, and then Hunig's base was added (2 mL) 
followed by tosyl chloride (0.76 g, 4.0 mmol). The reaction mixture was allowed to warm to 
room temperature and stirred for 6 hours. The solution was diluted with CH2CI2 (50 mL) and 

20 washed with saturated aqueous NaHCOs and brine. The aqueous washes were back-extracted 
with CH2CI2 (50 mL). The combined organic extracts were dried on MgS045 filtered, and 
concentrated to give 332 as a colorless oil (0.81g, 80% yield). Data for 332: ^HNMR (300 MHz, 
CDCI3): 6 7.74 (m, 2H), 7.27 (m, 2H), 4.12 (t, J= 5 Hz, 2H), 4.05 (d, , J= 2 Hz, 2H), 3.66 (t, J 
- 5 Hz, 2H), 2.38 (s, 3H), 2.34 (t, J= 2 Hz, IH); ^^C NMR (75 MHz, CDCI3): 5 144.8, 133.0, 

25 129.8, 128.0, 78.9, 75.0, 68.8, 67.1, 58.4, 21.6. 
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A 20 mL vial was charged with tosylate 332 (0.20 g, 0.82 mmol), N-desmethyl 
azithromycin 171 (0.5g, 0.68 mmol), and Hunig's base (10 mL) and then purged with argon gas 
and sealed. The solution was stirred in a 100°C oil bath for 6 h. After cooling to room 
5 temperature, the reaction mixture w£is poured into saturated aqueous NaHCOs (50 mL) and 
extracted with CH2CI2 (3 x 50 mL). The combined organic extracts were washed with brine, 
dried over K2CO3, filtered, and concentrated to afford 0.65 g of an off-white solid. Purification 
by silica gel flash chromatography (25 mm x 6" column eluted with 50:1 CH2CI2/2N NH3 in 
MeOH) gave 333 as a white solid (0.22 g, 37% yield). Data for 333: MS (ESI) m/z 409.2 

10 (M+2H)^^ 817.0 (M+H)""; ^HNMR (300 MHz, CDCI3, partial): 8 7.50 (bs, IH), 4.87 (d, J- 4 

Hz, IH), 4.55 (dd, J= 10, 2 Hz, IH), 4.35 (d, /= 7 Hz, IH), 4.20 (dd, J= 7, 2 Hz, IH), 4.06 (d, J 
= 2 Hz, 2H), 4.05-3.90 (m, IH), 3.57 (d, J= 1 Hz, IH), 3.51 (t, J= 6 Hz, IH), 3.38 (d, J= 6 Hz, 
IH), 3.24 (s, 3H), 3.15 (dd, J= 10, 7 Hz, IH), 2.93 (t, J= 10 Hz, IH), 2.24 (s, 3H), 2.23 (s, 3H), 
0.86 (m, 6H); ^^CNMR(75 MHz,): 8 177.8, 106.84, 95.05, 82.3, 79.3, 76.0, 74.3, 73.1, 70.6, 

15 69.9, 69.5, 65.8, 62.35, 60.34, 52.1, 44.6, 41.9, 37.3, 36.5, 36.1, 29.6, 26.7, 25.8, 21.2, 20.8, 
18.6, 16.1, 15.9, 14.2, 10.9, 7.8. 

Synthesis of triazole 237 

To a stirred solution of 333 (50 mg, 61 |Limol) in THF (150 jliL) was added Hunig's base 
(30 |LiL), azide 189 (20 mg, 86 (xmol), and cuprous iodide (6 mg, 33 |xmol). The resulting 

20 mixture was degassed by altemately applying vacuum and purging with argon gas. The slurry 
was stirred under argon at ambient temperature for 4 h. The entire reaction mixture was then 
placed atop a silica gel flash chromatography column and eluted with 50:1 CH2CI2/2N NH3 in 
MeOH to afford the desired triazole adduct 237 as a white solid (31 mg, 70% yield). Data for 
237: MS (ESI) m/z 527 A (M-h2Hf\ 1075.4 (M+H)""; ^HNMR (300 MHz, CDCI3, partial): 8 

25 8.10 (bs, IH), 7.72 (s, IH), 7.40-7.20 (m, 2H), 7.05 (dd, J= 8, 2 Hz, IH), 6.78 (td, J= 6, 2 Hz, 
2H), 5.10-4.90 (m, 2H), 4.80-4.60 (m, 4H), 4.40 (d, J= 7 Hz, IH), 4.22 (d, J= 4 Hz, IH), 4.09 
(t, J= 9 Hz, IH), 4.10-3.95 (m, IH), 3.89 (dd, J= 9, 6 Hz, IH), 3.34 (s, 3H), 3.16 (dd, J= 10, 8 
Hz, IH), 2.32 (s, 3H), 2.30 (s, 3H), 0.90 (m, 6H). 

Synthesis of triazole 238 

30 To a stirred solution of 333 (35 mg, 43 |Ltmol) m THF (150 |iL) was added Hunig's base 

(30 iLiL), azide 158 (28 mg, 86 jamol), and cuprous iodide (4 mg, 21 |Lunol). The mixture was 
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degassed by alternately applying vacuum and purging with argon gas. The mixture was stirred 
under argon at ambient temperature for 4 h. The entire reaction mixture was then placed atop a 
silica gel flash chromatography column and eluted with 50: 1 CH2CI2/2N NH3 in MeOH to afford 
the desired triazole adduct as a white solid (24 mg, 50% yield). Data for 238; MS (ESI) m/z 
5 569.9 (M+2H)^^ 1 160.4 (M+Na)^; ^HNMR (300 MHz, CDCI3, partial): 5 8.05 (bs, IH), 7.80 (s, 
IH), 7.33 (dd, J= 14, 2 Hz, IH), 7.05 (dd, J= 9, 2 Hz, IH), 6.88 (t, J= 9 Hz, IH), 5.18-5.00 (m, 
2H), 4.80-4.60 (m, 4H), 4.50 (d, J= 7 Hz IH), 4.13 (t, J- 9 Hz, IH), 3.92 (dd, J= 9, 6 Hz, IH), 
3.34 (s, 3H), 2.32 (s, 3H), 2.30 (s, 3H), 0.90 (m, 6H). 

Synthesis of triazole 239 

10 Compound 237 (10 mg, 9.8 jiunol) was dissolved in EtOH (0.8 mL) and IN HCl (aq) was 

then added (0.2 mL) and the solution stirred at room temperature for 16 h. The reaction mixture 
was diluted with 10 mL aq. 0.2N HCl and washed with CH2CI2 (3x10 mL). The aqueous layer 
was then adjusted to pH 10 by addition of 2N KOH and extracted with CH2CI2 (2x10 niL). The 
latter two extracts were dried on K2CO3, filtered and concentrated to afford triazole 239 as a 

15 solid (7 mg, 80% yield). Data for 239: MS (ESI) m/z 448.3 (M+2H)^'', 895.3 (M+H)*". 

Synthesis of triazole 240 

Compound 238 (10 mg, 8.7 |Limol) was dissolved in EtOH (1.6 mL) and IN HCl (aq) was 
then added (0.4 mL) and the solution stirred at room temperature for 12 h. The reaction mixture 
was diluted with 10 mL aq. 0.2N HCl and washed with CH2CI2 (3x10 mL). The aqueous layer 
20 was then adjusted to pH 10 by addition of 2N KOH and extracted with CH2CI2 (2 x 10 mL). The 
latter two extracts were dried on K2CO3, filtered and concentrated to afford triazole 240 as a 
solid (6 mg, 87% yield). Data for 240: MS (ESI) m/z 434 A (M+2H)^'', 867.2 (M+H)^, 889.3 
(M+Na)^. 

Example 37 - Synthesis of Ketolides 237-240 

25 Scheme 60 depicts the synthesis of triazoles 241 and 242. Alkyne 197 was protected as 

diacetate 334, and then 334 was treated with sodium hexamethyldisilylazide and 
carbonyldiimidazole to provide imidazole carbamate 335. Michael addition of ammonia to 335 
was followed by closure of the amine group onto the imidazole carbamate to afford carbamate 
336. Seleective hydrolysis of 336 afforded alcohol 337 which was subsequently oxidized with 
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the Dess-Martin periodinane to yield ketolide 338. Deprotection of 338 gave alkyne 339, which 
was treated with azides 158 and 189 to provide triazoles 241 and 242 respectively. 



Scheme 60 




5 Synthesis of diacetate 334 

Alkyne 197 (1.50 g, 1.90 mmol) was dissolved in 5 roL meHiylene chloride and the 
mixture cooled to 0°C. Dimethylaminopyridine (47 mg, 0.38 mmol) and triethylamine (0.8 mL, 
5.7 mmol) were added, followed by acetic anhydride (0.54 mL, 5.7 ixmiol). The mixture was 
allowed to warm to room temperature and stirred for 1.5 li. Methylene chloride (50 mL) was 
10 added and the mixture washed with sat. aqueous NaHCOs, and then brine. The organic phase 
was dried (K2CO3) and evaporated to afford 1.9 g of a white solid. The crude solid was purified 
by silica gel flash chromatography (25 mm x 6" column eluted with 40:1 CH2CI2/2N NH3 in 
MeOH) to afford 334 as a white solid (1 A g, 86% yield). Data for 334: MS (ESI) m/z 870.2 
(M+H)^ 892.3 (M+Na)"". 

1 5 Synthesis of imidazole carbamate 335 

A solution of 334 (0.8 g, 0.92 mmol) in 5.0 mL THF was cooled to -40°C, NaHMDS (1.2 
mL of a 1 .0 M THF soln.) was added dropwise to the stirred solution over 5 min., and the 
mixture was stirred at -40°C for 40 min. A solution of carbonyldiimidazole (0.60 g, 3.7 mmol) 
in 8 mL of a 5 :3 mixture of THF and DMF was then added over a period of 30 minutes by 
20 syringe-pump. Ten minutes after the addition was complete the cold bath was removed and the 
reaction mixture was allowed to warm to room temperature. After 16 h the reaction mixture was 
diluted with EtOAc (20 mL) and the washed with sat. aqueous NaHCOs and brine. The organic 
phase was dried (Na2S04), filtered, and evaporated to afford 335 as an off-white solid which was 
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used without further purification (0.92 g, 100% yield). 
(M+Na)"". 
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Data for 335: MS (ESI) m/z 968.4 



Synthesis of carbamate 336 

A solution of 335 (0.94 g, 0.92 mmol) in acetonitrile (10 mL) was treated with 15% 
5 aqueous ammonia (2 mL) and the mixture stirred at room temperature for 40 hours. The reaction 
mixture was diluted with EtOAc (50 mL), and washed with sat. aqueous NaHCOs and brine, the 
aqueous washes were back-extracted twice with 50 mL portions of EtOAc. The combined 
organic extracts were dried (Na2S04) and evaporated to afford 1.3 g of an off-white solid. 
Purification by silica gel flash chromatography (25mm x 6" column eluted with 1 :3 
10 acetone/hexanes) gave 260 mg of 336 (31% yield) along with 100 mg of its C-10 epimer and 450 
mg of a mixture of the two. Data for 336: MS (ESI) m/z 895.2 (M+H)^ 917.3 (M+Na)"^. 

Synthesis of alcohol 337 

A solution of 336 (209 mg, 0.221 mmol) in 0.1 N aqueous HCl (5 mL) was stirred at 
room temperature for 8 h. The reaction mixture was neutralized with with saturated aqueous 
15 NaHCOa (50 mL) and extracted with methylene chloride (3 x 25 mL). The combined organic 
extracts were washed with brine, dried (K2CO3), filtered, and evaporated to give 190 mg of a 
white solid. The crude product was chromatographed on silica gel using a 3:1 hexane/acetone as 
the eluant to provide 337 (145 mg, 94% yield) as a white solid. Data for 337: MS (ESI) m/z 
695.2 (M+H)^ 717.1 (M+Na)"". 

20 Synthesis of ketolide 338 

To a stirred solution of 337 (80 mg, 0.1 15 ramol) in metliylene chloride at 0°C was added 
Dess-Martin periodinane (59 mg, 0.138 mmol). The reaction mixture was stirred at ambient 
temperature for 12 hours then placed directly on a silica gel chromatography colunan and eluted 
with 3:1 hexane/acetone to afford ketolide 338 (62 mg, 78% yield) as a white solid. Data for 
25 338: MS (ESI) m/z 693.1 (M+H)"", 715.3 (M+Na)"*". 

Synthesis of albyne 339 

A methanol solution of 338 (62 mg, 0.090 mmol) was stirred at 50°C for 16 h. The 
reaction mixture was concentrated in vacuo to give 339 as a white solid (55 mg, 94% yield) 
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which was used without further purification. Data for 339: MS (ESI) m/z 651.2 (M+H)"^, 673.1 
(M+Naf. 



Synthesis of triazole 241 

To a stirred solution of 339 (20 mg, 31 |amol) in THF (310 jliL) was added Hunig's base 
5 (26 |LiL), azide 158 (14.8 mg, 46 famol), and cuprous iodide (5.8 mg, 31 |xmol). The resulting 
mixture was stirred at ambient temperature for 4 h. The entire reaction mixture was then placed 
atop a silica gel flash chromatography column and eluted with 50: 1 CH2CI2/2N NH3 in MeOH to 
afford the desired triazole adduct 241 as a white solid (26 mg, 86% yield). Data for 241: MS 
(ESI) m/z 972.3 (M+H)^ 994.3 (M+Na)""; ^HNMR (300 MHz, CDCI3, partial): 8 7.60 (s, IH), 
10 7.41 (dd, J= 14, 2 Hz, IH), 7.00-6.60 (m, 2H), 6.75 (bs, IH), 5.72 (dd, J- 10, 3 Hz IH), 5.01- 
4.90 (m, IH), 4.75-4.52 (m, 3H), 4.33-4.05 (m, 3H), 2.18 (s, 3H), 0.90 (t, J= 7 Hz, 3H). 

Synthesis of triazole 242 

To a stirred solution of 339 (18 mg, 28 |Limol) in THF (310 |liL) was added Hunig's base 
(24 |LiL), azide 189 (10 mg, 42 |Limol) and cuprous iodide (5.3 mg, 28 |xmol). The resulting 

1 5 mixture was stirred at ambient temperature for 4 h. The entire reaction mixture was then placed 
atop a silica gel flash chromatography column and eluted with 50: 1 CH2CI2/2N NH3 in MeOH to 
afford the desired triazole adduct 242 as a white solid (21mg, 85% yield). Data for 242: MS 
(ESI) yn/z 887.3 (M+H)^ 909.3 (M+Na)""; ^HNMR (300 MHz, CDCI3, partial): 5 7.65 (s, IH), 
7.55-7,30 (m, 2H), 7.10 (dd, J= 8, 2 Hz, IH), 6.82-6.70 (m, IH), 6.75 (bs, IH), 5.70 (dd, J= 10, 

20 3 Hz IH), 5.18-4.99 (m, IH), 4.80-4.52 (m, 3H), 4.33-4.05 (m, 3H), 2.20 (bs, 3H), 0.90 (t, J= 7 
Hz, 3H). 

Example 38 - Synthesis of Isoxazolines 243-245 

Scheme 61 depicts the synthesis of isoxazolines 243-245, Known hydroxyiminoyl 
chloride 340 {J, Med. Chem. 2003, 46^ 284) was converted to isoxazoline alcohol 341. The 
25 alcohol group of 341 was transformed to the azide 342, an intermediate used in subsequent 
aromatic substitution chemistry with nucleophiles to produce azides 343, 344 and 345. Azide 
345 was acylated to provide azide 346. The cycloaddition of azides 343, 344, and 346 with 
alkyne 173 yielded target isoxazolines 243, 245, and 244 respectively. 
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Scheme 61 
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244 245 243 



Synthesis of alcohol 341 

To a solution of allyl alcohol (15.6 mL, 0.23 mol) in 600 mL chloroform was added a IM 
5 solution of diethyl zinc in hexanes (276 mL, 0.276 mol) between -10*^C to 0°C. After stirring for 
10 min, (4-)-diisopropyl L-tartrate (9.68 mL, 45.9 mmol) was added and the solution was stirred 
at 0°C for 1 h. Dioxane (24 mL, 0.282 mol) was added followed by hydroxyiminoyl chloride 
340 (40 g, 0.209 mol) and the solution was stirred at -5°C to O'^C for VA h, then poured into IM 
citric acid/ice (400mL) and extracted with dichloromethane (2x 200 mL). The combined organic 

10 extract was washed with water (100 mL), brine (100 mL), dried (Na2S04) and evaporated to a 
volume of 50 mL. 1-Chlorobutane (250 mL) was added and again the solution evaporated to a 
volume of 50 mL. The beige suspension was filtered, washed with 1-chlorobutane (2x10 mL) 
and dried to afford 14.5 g of alcohol 341. The remaining supematant was evaporated and 
purified by flash-chromatography (eluant: hexanes-ethyl acetate 2:1) yielding and additional 22.0 

15 g of alcohol 341. The combined portions of alcohol 341 were recrystallized from 120 mL 1- 
chlorobutane-hexanes 4:1, yielding pure alcohol 341 (Bl.lg, 70% yield, ee: 95% as determined 
by Mosher ester). Data for 341: ^HNMR (300 MHz, CDCI3): 5 7.55-7.45 (m, IH), 7.39-7.12 
(m, 2H), 4.95-4.83 (m, IH), 3.91 (dd, J= 1, 2 Hz, IH), 3.69 ((dd, J= 1, 2 Hz, IH), 3.40-3.21 (m, 
2H), 2.20 (br s, IH). 
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Synthesis of azide 342 
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To a solution of 341 (3.0 g, 14.1 mmol) in 60 mL dichloromethane was added EtsN (3.53 
mL, 25.2 mmol) followed by MsCl (1.31 mL, 16.9 mmol) at 0°C. The mixture was stirred at 
0°C for 30 min, then poured into 30 mL water/ice and extracted with dichloromethane (2x 50 
5 mL). The combined organic extract was washed with water (2x 30 mL), brine (30 mL), dried 
(Na2S04) and evaporated. The residue was dissolved in 50 mL DMF, and NaNs (1 .83 g., 28.1 
mmol) was added and the mixture stirred at 80°C for 2 h. The mixture was poxjred into 30 mL 
water/ice and extracted with ethyl acetate (2x 50 mL). The combined organic extract was 
washed with water (2x 30 mL), brine (30 mL), dried (Na2S04) and evaporated. The residual oil 
10 was crystallized with 20 mL 1-clilorobutane-hexanes 2:1, yielding azide 342 (3.0 g, 89%). Data 
for 342: ^HNMR (300 MHz, CDCI3): 6 7.50-7.41 (m, IH), 7.35-7.05 (m, 2H), 4.92-4.81 (m, 
IH), 3.51-3.05 (m, 4H). 

Synthesis of azide 343 

A mixture of 342 (400 mg, 1.68 mmol) and K2CO3 (302 mg, 2.18 mmol) in 6 mL 
15 morpholine was stirred at 120°C for 48 h, then poured into 20 mL water/ice and extracted with 
ethyl acetate (2x 10 mL). The combined organic extract was washed with water (2x 10 mL), 
brine (10 mL), dried (Na2S04) and evaporated. The residue was purified by flash- 
chromatography (eluant: hexanes-ethyl acetate 2:1) yielding azide 343 (320 mg, 63%). Data for 
343: MS (ESI) m/z 306 (M+H)""; ^HNMR (300 MHz, CDCI3): 5 7.38-7.23 (m, 2H), 6.80-6.78 
20 (m, IH), 4.90-4.75 (m, IH), 3.83-3.75 (m, 4H), 3.48-3.25 (m, 4H), 3.18-3.02 (m, 4H). 

Synthesis of azide 344 

To a solution of imidazole (214 mg, 3.15 mmol) in 5 mL DMF was added NaH (60% 
dispersion in paraffin oil, 100 mg, 2.52 mmol) at 0°C. After stirring the mixture for 30 min, the 
azide 342 (0.5 g, 2.1 mmol) was added. The mixture was stirred at room temperature overnight 

25 and then 60°C for 2 h, and then poured into 40 mL water/ice and extracted with ethyl acetate (3x 
20 mL). The combined organic extract was washed with water (3x 20 mL), brine (10 mL), dried 
(Na2S04) and evaporated. The residue was purified by flash-chromatography (eluant: ethyl 
acetate followed by ethyl acetate-MeOH 20:1) yielding azide 344 (390 mg, 65%). Data for 344: 
toMR (300 MHz, CDCI3): 6 7.92 (s, IH), 7.72-7.45 (m, 3H), 7.39-7.23 (m, 2H), 5.10-4.96 (m, 

30 IH), 3.69-3.41 (m, 3H), 3.31-3.20 (m, IH). 
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A mixture of azide 342 (1.0 4,2 mmol), K2CO3 (755 mg, 5.5 mmol) and piperazine (15 
g, 175 mmol) was dissolved in 9 mL DMF. The mixture was stirred at 120°C for 3 then 
poured into 50 mL water/ice and extracted with ethyl acetate-isopropanol 95:5 (3x 30 mL). The 
5 combined organic extract was washed with water (3x 20 mL), brine (1 0 mL), dried (Na2S04) and 
evaporated. The residue was purified by flash-chromatography (eluant: ethyl acetate-MeOH 3:1) 
yielding azide 345 (793 mg, 63%). Data for 345: ^HNMR (300 MHz, CDCI3): 8 7.52-7.39 (m, 
2H), 7,08-6.95 (m, IH), 5.05-4.92 (m, IH), 3.63-3.41 (m, 3H), 3.33-3.10 (m, 9H), 1.85 (br s, 
IH). 

1 0 Synthesis of azide 346 

To a solution of azide 345 (300 mg, 0.99 mmol) in 6 ml dichloromethane-DMF 2:1 was 
added glycolic acid (97.8 mg, 1.29 mmol), l-(3-dimethylaniinopropyl)-3-ethylcarbodiiniide 
hydrochloride (EDCI) (284 mg, 1.48 mmol) and diisopropyl ethylamine (0.344 mL, 1.98 mmol) 
at 0°C. The solution was stirred at room temperature over the weekend and then poured into 20 

15 mL 5% aqueous Na2C03/ice and extracted with ethyl acetate (2x 15 mL). The combined organic 
extract was washed with water (2x 10 mL), 10 mL IM aqueous HCl, water (2x 10 mL), brine (10 
mL), dried (Na2S04) and evaporated. The residue was purified by flash-chromatography (eluaat: 
ethyl acetate) yielding azide 346 (51 mg, 15%). Data for 346: ^HNMR (300 MHz, CDCI3): 5 
7.39-7.25 (m, 2H), 6.91-6.80 (m, IH), 4.91-4.79 (m, IH), 4.15 (s, 2H), 3.83-3.75 (m, 2H), 3.50- 

20 3;26 (m, 5H), 3.18-3.04 (m, 5H). 

Synthesis of isoxazoline 243 

To a solution of alkyne 173 (100 mg, 0.127 mmol) in 4 mL acetonitrile was added azide 
343 (39 mg, 0.127 mmol), 2,6-lutidine ( 0.0163 mL, 0.139 mmol) and Cul (24mg, 0.127 mmol). 
The mixture was stirred ovemight at room temperature, then poured into 10 mL 5% aqueous 

25 NHs/ice and extracted with ethyl acetate (3x 20 mL). The combined organic extract was washed 
with water (2x 10 mL), brine (10 mL), dried CISfa2S04) and evaporated. The residue was purified 
by flash-chromatography (eluant: ethyl acetate-MeOH 5:1) yielding 243 (71 mg, 51%). Data for 
243: MS (ESI) m/z 1092 (M+H)""; ^HNMR (300 MHz, CDCI3, partial): 5 8.31-8.21 (br s, IH), 
7.51 (s, IH), 7.31-7.12 (m, 2H), 6.81 (t, J= 1 Hz, IH), 5.05-4.90 (s, IH), 4.65-3.90 (m, 5H), 

30 3.81-3.74 (m,2H). 
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Synthesis of isoxazoline 244 
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To a solution of alkyne 173 (100 mg, 0.127 mmol) in 4 mL acetonitrile was added azide 
346 (46 mg, 0.127 mmol), 2,6-lutidine ( 0.0163 mL, 0.139 mmol) and Cul (14.5 mg, 0.076 
mmol). The mixture was stirred overnight at room temperature, then poured into 10 mL 5% 
5 aqueous NHs/ice and extracted with elhyl acetate (3x 20 mL). The combined organic extract 
was washed with water (2x 10 mL), brine (10 mL), dried (Na2S04) and evaporated. Tlie residue 
was purified by flash-chromatography (eluant: ethyl acetate-MeOH 5:1) yielding 244 (58 mg, 
40%). Data for 244: MS (ESI) m/z 1049 (M+H)^; ^HNMR (300 MHz, CDCI3, partial): 6 7.54 (s, 
IH), 7.31-7.13 (m, 2H), 7.85-7.72 (m, IH), 5.10-4.95 (m, IH). 

1 0 Synthesis of isoxazoline 245 

To a solution of alkyne 173 (100 mg, 0,127 mmol) in 4 mL acetonitrile was added 344 
(36.3 mg, 0.127 mmol), 2,6-lutidine ( 0.0163 mL, 0.139 mmol) and Cul (24mg, 0.127 mmol). 
The mixture was stirred overnight at room temperature, then poured into 10 mL 5% aqueous 
NHa/ice and extracted with ethyl acetate (3x 20 mL). The combined orgamc extract was washed 
15 Avith water (2x 10 mL), brine (10 mL), dried (Na2S04) and evaporated. The residue was purified 
by flash-chromatography (eluant: ethyl acetate-MeOH 5:1) yielding 245 (60 mg, 44%). Data for 
245: MS (ESI) m/z 1073 (M+H)""; ^HNMR (300 MHz, CDCI3, partial): 6 7.8 (s, IH), 7.50-7.30 
(m, 3H), 7.21-7.14 (m, 3H), 5.19-4.95 (m, 2H), 4.68-3.90 (m, 7H). 

Example 39 - Synthesis of Isoxazolines 246-250 

20 Scheme 62 depicts the synthesis of isoxazolines 246-250. Hydroxyiminoyl chloride 347 

was converted to isoxazoline alcohol 348 as described in the literature (J. Med. Chem. 2003, 46^ 
284). The alcohol group of 348 was transformed to the azide 349, which was treated with alkyne 
173 to afford isoxazoline 246. Azide 349 was coupled to substituted boronic acids to afford 
azides 354 and 355, which were treated with allcyne 173 to afford isoxazolines 248 and 249. 

25 Alcohol 348 was coupled to substituted boronic acids to provide alcohols 350 and 351, which 
were subsequently converted to azides 352 and 353. The cycloaddition of 352 and 353 with 
alkyne 173 gave isoxazolines 250 and 247 respectively. 
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Scheme 62 




246 



250 R= P-SCH3 
247R=nn-CN 
249R=p-CH20H 
248R=p-CN 



350 R= P-SCH3 352 R= P-SCH3 

351 R = m-CN 353 R = m-CN 

354 R = P-CH2OH 

355 R = p-CN 



Synthesis of azide 349 

To a solution of alcohol 348 (2.00 g, 7.81 mmol) in CH2CH2 (40 mL) at OX was added 
5 EtsN (2.20 mL, 15.6 mmol), followed by the dropwise addition of MsCl (91 1 fiL, 1 1 .7 imnol). 
The mixture was stirred at 0°C for 30 min, then poured into 30 mL water/ice and extracted with 
Et20 (50 mL X 3). The combined organic extract was washed with water (50 mL x 3), dried over 
MgS04, and evaporated to give 2.70 g of the intermediate mesylate of suitable purity to be used 
in the next step. The mesylate (2.70 g) was dissolved in DMF (30mL), NaNa (2.10 g, 

10 31 .238nunol) was added, and the mixture stirred at SO'^C for 2.5 h. The mixture was poured into 
water/ice (150mL) and Et20 (300mL). The organic extract was washed with water (150mL x 3), 
dried over MgS04, and concentrated to afford azide 349 as a white crystalline solid (2.10 g, 96% 
yield). Data for 349: ^HNMR (300 MHz, CDCI3): 5 7.54 (s, 4H), 4.93 (dddd, J- 10, 8, 5, 5 Hz, 
IH), 3.56 (dd, J= 13, 5 Hz, IH), 3.45 (dd, J= 13, 5 Hz, IH), 3.42 (dd, J= 17, 11 Hz, IH), 3.21 

15 (dd, J=17,7Hz, IH). 

Synthesis of alcohol 350 

A mixture of alcohol 348 (1.00 g, 3.91 mmol), 4-methylthiophenyl boronic acid (1.10 g, 
5.86 mmol), palladixim acetate (18 mg, 0.078 mmol), 2-(di-tert"butylphosphino)biphenyl (47 mg, 
0.156 mmol) and KF (678 mg, 1 1.7 mmol) in THF (10 mL) at room temperature was degassed 
20 by bubbling argon through the mixture. The mixture was then stirred at room temperature for 1 5 
h. The red suspension was poured into 10 mL sat. Na2C03 and 100 ml water. The mixture was 
extracted with 15% isopropyl alcohol in CH2CH2 (200 mL x 3). The combined organic layer 
was washed with water (lOOmL x 3), dried over MgS04, and evaporated to provide 350 (1.2 g. 
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100% yield). Data for 350: *HNMR (300 MHz, CDCI3): 8 7.73 (d, J= 8 Hz, 2H), 7.62 (d, J= 8 
Hz, 2H), 7.55 (d, J= 8 Hz, 2H), 7.33 (d, J= 8 Hz, 2H), 4.90 (dddd, J= 13, 8, 5, 3 Hz, IH), 3.90 
(ddd, J- 12, 6, 3 Hz, IH), 3,71 (ddd, J= 12, 8, 5 Hz, IH), 3.43 (dd, J= 17, 11 Hz, IH), 3.32 
(dd, J- 17, 8 Hz, 2H), 2.53 (s, 3H), 1.90 (dd, J- 8, 6Hz, IH). 

5 Synthesis of alcohol 351 

Alcohol 351 was synthesized by the same procedure as reported for alcohol 350 using 3- 
cyanophenyl boronic acid (956 mg, 5.86 mmol). The mixture was extracted with CH2CH2 
(lOOmL X 3). The residue was isolated by flash-chromatography on silica gel (2/100 
MeOH/CH2CH2 as eluant), to afford alcohol 351 (1.0 g, 92% yield). Data for 351: ^HNMR (300 
10 MHz, CDCI3): 5 7.90-7.77 (m, 4H), 7.69-7.54 (m, 4H), 4.92 (dddd, J= 1 1, 8, 5, 3 Hz, IH), 3.92 
(ddd, J- 12, 6, 3 Hz, IH), 3.72 (ddd, J= 12, 8, 5 Hz, IH), 3.45 (dd, J- 17, 11 Hz, IH), 3.34 
(dd, J= 17, 8 Hz, IH), 1.92 (dd, J= 8, 6 Hz, IH). 

Synthesis of azide 352 

To a suspension of alcohol 350 (2.00 g, 6.68 mmol) in CH2CH2 (40 mL) at OX was 
15 added EtsN (1.90 mL, 13.4 mmol), and then MsCl (776 |iL, 10.0 mmol) dropwise. The mixture 
was stirred at room temperature for 2 h and then refluxed for 3 h. The mixture was cooled to 
room temperature and EtOAc/Hexane (150 mL/50 mL) was added. The white solid was 
collected, washed with water (30mL x 3), and dried imder vacuum to afford 2 g of crude 
mesylate. The crude mesylate obtained above (0.50 g, 1.33 mmol) was suspended in DMF (8 
20 mL), NaNa (348 mg, 5.30 mmol) was added and the mixture stirred at 80°C for 4 h. The mixture 
was poured into water/ice (50 mL), extracted by EtOAc (30 mL x 4), dried over MgS045 the 
residue was isolated by chromatography on silica gel (40/60 EtOAc/hexane as eluant) to afford 
azide 352 (305 mg, 71% yield) as a white powder. Data for 352: ^HNMR (300 MHz, CDCI3): 5 
7.73 (d, J= 8 Hz, 2H), 7.62 (d, J= 8 Hz, 2H), 7.55 (d, J= 8 Hz, 2H), 7.33 (d, J= 8 Hz, 2H), 
25 4.94 (m, IH), 3.55 (dd, J= 13, 5 Hz, IH), 3.48 (m, 2H), 3.25 (dd, J= 17, 7 Hz, IH), 2.97 (s, 
3H). 

Synthesis of azide 353 

To a solution of alcohol 351 (1.00 g, 3.59 mmol) in CH2CH2 (20 mL) at 0°C was added 
EtsN (1.00 mL, 7.19 mmol), followed by the dropwise addition of MsCl (419 |liL, 5.39 mmol). 
30 The mixture was stirred at 0°C for 30 min, aad then at room temperature for 2 h. The mixture 
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was poured into 100 mL water/ice and EtOAc/hexane 150 mL/50 mL). The combined organic 
extract was washed with water (lOOmL x 3), dried over MgS04, and evaporated to give 1 .20 g of 
the crude mesylate which was used directly in the mext step without further purification. The 
mesylate (1 .20 g) was dissolved in DMF (20 mL), and NaNs (884 mg, 13.47 rmnol) was added, 
5 and the mixture was stirred at 80°C for 2.5 h. The mixture was poured into water/ice (1 50 mL) 
aud EtOAc (250 mL). The organic extract was washed with water (lOOmL x 3), dried over 
MgS04j, and evaporated. The residue was separated by chromatography on silica gel (30/70 
EtOAc/hexane as eluant) to afford azide 353 (836 mg, 77% yield) as a white crystalline solid. 
Data for 353: ^HNMR (300 MHz, CDCI3): 8 7.90-7.77 (m, 4H), 7.69-7.50 (m, 4H), 4.97 (dddd, 
10 J= 15, 7, 5, 5 Hz, IH), 3.57 (dd, J= 13, 5 Hz, IH), 3.50 (m, 2H), 3.26 (dd, J= 17, 7 Hz, IH). 

Synthesis of azide 354 

A mixture of azide 349 (300 mg, 1.07 mmol), 4-(hydroxymethyl)phenyl boronic acid 
(286 mg, 1.60 mmol), palladium acetate (5 mg, 0.021 mmol), 2-(di-tert-butylphosphino)biphenyl 
(13 mg, 0.043 mmol) aad KF (188 mg, 3.20 mmol) in THF (4mL) at was degassed by bubbling 

15 argon through the mixture. The mixture was then stinred at room temperature for 15 h. The red 
suspension was poured into 5 mL sat. NaaCOa and 20 mL water. The mixture was extracted with 
5% MeOH/CH2CH2 (200 mL). The combined organic layer was washed by water (lOOmL x 3), 
dried over MgS04, and evaporated. The residue was purified by chromatography on silica gel 
(1.5/100 MeOH/CH2CH2 as eluant) to afford azide 354 (220 mg, 67% yield). Data for 354: 

20 ^HNMR (300 MHz, CDCI3): 8 7.75 (d, J= 8 Hz, 2H), 7.65 (d, J= 8 Hz, 2H), 7.62 (d, J- 8 Hz, 
2H), 7.47 (d, J= 8 Hz, 2H), 4.95 (dddd, J= 10, 8, 5, 5 Hz, IH), 4.76 (d, J= 6 Hz, 2H), 3.55 (dd, 
J= 13, 5 Hz, IH), 3.50 (dd, J- 17, 11 Hz, 2H), 3.25 (dd, J= 17, 7 Hz, IH), 1.71 (dd, J- 5, 5 
Hz, IH). 

Synthesis of azide 355 

25 A mixture of azide 349 (300 mg, 1 .07 mmol), 4-cyanophenyl boronic acid (261 mg, 1 .60 

mmol), palladiiim acetate (5 mg, 0.021 mmol), 2-(di-tert-butylphosphino)biphenyl (13 mg, 0.043 
mmol) and KF (188 mg, 3.20 mmol) in THF (4mL) at room temperature was degassed by 
bubbling argon through the mixture. The mixture was then stirred at room temperature for 15 h. 
The red suspension was poured into 5 mL sat. Na2C03 and 20 mL water. The mixture was 

30 extracted with CH2CH2 (50mL x 3). The combined organic layer was washed by water (lOOmL 
X 3), dried over MgS04, and evaporated. The residue was purified by chromatography on silica 
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gel (30/70 EtOAc/hexane as eluant) to afford azide 355 (300 mg, 93% yield). Data for 355: 
^HNMR (300 MHz, CDCI3): 5 7.83-7.63 (m, 8H), 4.97 (dddd, J= 16, 7, 5, 5 Hz, IH), 3.58 (dd, 
J= 13, 5 Hz, IH), 3.50 (dd, J= 16, 10 Hz, IH), 3.40 (dd, J= 13, 5 Hz, IH), 3.27 (dd, J= 16, 7 
Hz, IH). 

5 General procedure for the sjnuthesis of isoxazolines 246-250 

To a mixture of alkyne 173 (100 mg, 0.127 mmol), the appropriate azide (0.140 mmol, 
1.1 eq) in acetonitrile (4.0 mL) at room temperature under argon was added 2,6-lutidine (22 nL, 
0.191 mmol, l.leq), followed by the addition of copper (I) iodide (12 mg, 0.064 mmol). The 
mixture was stirred at room temperature for 1 .5 to 6 h. After the reaction was complete, 1 mL 

10 5% NH4OH was added. The mixture was stirred at room temperature for 10 min. The 

acetonitrile was removed under vacuum. The aqueous phase was extracted with CH2CI2 (30 mL 
X 3), dried over Na2S04, and evaporated. The residue was purified by chromatography on silica 
gel (20/80 to 30/70 MeOH/EtOAc) to provide isoxazolines 246 (1 16mg, 85% yield), 247 
(120mg, 87% yield), 248 (120mg, 87% yield), 249 (72mg, 52% yield), aad250 (93mg, 66% 

15 yield). 

Data for 246: MS (ESI) m/z 1067.6 (M-H)"^; 'HNMR (300 MHz, CDCI3, partial): 6 7.56 
(s, IH), 7.53 (d, J= 9 Hz, 2H), 7.74 (d, J= 9 Hz, 2H), 5.12 (br s, IH), 4.71-4.52 (m, 4H), 4.43 
(d, J= 1 Hz, IH), 4.29 (br s, IH), 4.08 (m, IH), 3.69-3.16 (m, lOH), 3.03 (dd, J= 10, 10 Hz, 
IH). 

20 Data for 247: MS (ESI) m/z 1090.5 (M)""; ^HNMR (300 MHz, CDCI3, partial): 5 7.88 (s, 

IH), 7.83 (d, J- 8 Hz, IH), 7.75-7.55 (m, 7H), 5.17 (br s, IH), 5.09 (br s, IH), 4.80-4.60 (m, 
4H), 4.41 (d, J= 7 Hz, IH), 4.26 (br s, IH), 4.09 (m, IH), 3.68-3.18 (m, lOH). 

Data for 248: MS (ESI) m/z 1090.3 (M)"^; ^HNMR (300 MHz, CDCI3, partial): 8 7.77- 
7.60 (m, 9H), 5.17 (br s, IH), 5.09 (br s, IH), 4.71-4.55 (m, 4H), 4,41 (d, J= 7 Hz, IH), 4.26 (br 
25 s, IH), 4.09 (m, IH), 3.67-3.20 (m, 4H). 

Data for 249: MS (ESI) m/z 1095.4 (M)""; ^HNMR (300 MHz, CDCI3, partial): 8 7.69- 
7.57 (m, 7H), 7.46 (d, J= 8 Hz, 2H), 5.12 (d, J= 4 Hz, 2H), 4.70-4.54 (m, 4H), 4.42 (d, J= 7 
Hz, IH), 4.28 (br s, IH), 4.08 (m, IH), 3.69-3.20 (m, lOH). 
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Data for 250: MS (ESI) m/z 1 1 1 1.4 QsAf; ^HNMR (300 MHz, CDCI3, partial): 5 7.68- 
7.50 (m, 7H), 7.35 (d, J= 8 Hz, 2H), 5.12 (br s, IH), 4.71-4.54 (m, 4H), 4.43 (d, J- 8 Hz, IH), 
4.29 (br s, IH), 4.07 (m, IH), 3.69-3.20 (m, lOH), 3.03 (dd, J= 10, 10 Hz, IH). 

Example 40 — Synthesis of Isoxazolines 251 and 252 

5 Scheme 63 depicts the synthesis of isoxazoline 251. Hydroxyiminoyl chloride 357 was 

made from the oxime (356) of 3,5-dichlorobenzaldehyde. The cycloaddition of 357 and allyl 
alcohol (via the intermediate nitrile oxide) afforded racemic isoxazoline alcohol 358. The 
alcohol was converted to azide 360 via the mesylate 359. The cycloaddition of 360 with alkyne 
173 yielded isoxazoline 251 (as a diasteromeric mixture). Isoxazoline 252 was synthesized (also 
10 as a diastereomeric mixture) by carrying 3,5-difluorobenzaldehyde through the sequence of 
Scheme 63. 



c 

C! ^^^^ .OH 



251 





EtgN. CH2CI2 



356 357 p 




MsCI C 358 R = OH 



Synthesis of oxime 356 



15 A solution of 3,5-dichlorobenzaldehyde (2.0 g, 1 1.42 mmol) aiid hydroxylamine 

hydi^ochloride (0.87 g, 12.57 mmol) in ethanol (40 mL) and water (80 mL) was cooled to 4°C, 
and NaOH (50%(w/w), 2.3 mL) was added. The reaction mixture was stirred for 3 h at room 
temperature. The reaction mixture was then neutralized to pH 6.0, and partitioned with 
methylene chloride and water. The aqueous layer was extracted twice with methylene chloride, 

20 and the combined organic layer was washed with brine, dried (Na2S04), and evaporated to yield 
356 (2.15 g, 99% yield) as a white solid. Data for 356: ^HNMR (300 MHz, CDCI3): 5 8.1 1 (s, 
IH), 7.45 (s, IH), 7.34 (s, IH). 

Synthesis of hydroximinoyl chloride 357 

To a solution of oxime 356 (2.15 g, 1 1.31 mmol) in dimethylformamide (10 mL) was 
25 added iV-chlorosuccinimide (1 .5 g, 1 1 .3 1 mmol). The reaction mixture was warmed to 50°C for 
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1 h. The reaction was then diluted with ethyl acetate (50 mL), and washed with brine, dried 
(Na2S04), and evaporated to yield 357 (2.60 g, 100% yield). Data for 357: ^HNMR (300 MHz, 
CDCI3): 6 7.8 (s, IH), 7.50 (s, IH), 7.17 (s, IH). 

Synthesis of isoxazoline alcohol 358 

5 To a solution of hydroximinoyl chloride 357 (1.50 g, 6.68 mmol) in methylene chloride 

(50 mL) was added allyl alcohol (0.45 mL, 6.68 Jtnmol). The mixture was cooled to 0°C, and 
triethylamine (1 .0 mL, 6.68 mmol) was added. The reaction mixture was slowly warmed to 
room temperature, stirred for 16 h, quenched with water (50 mL), and extracted twice with 
methylene chloride. The combined organic layer was washed with brine, dried over Na2S04, and 
10 evaporated to yield 358 (1.60 g, 100% yield). Data for 358: ^HNMR (300 MHz, CDCI3): 8 

7.47 (s, 2H), 7.32 (s, IH), 4.84 (m,lH), 3.82 (dd, J= 15, 3 Hz, IH), 3.62 (dd, J= 16, 4 Hz, IH), 
3.23 (m, 2H). 

Synthesis of mesylate 359 

Alcohol 358 (1.60 g, 6.50 ramol) was dissolved in 5 mL methylene chloride, and the 
1 5 mixture cooled to 0°C. Triethylamine (1.8 mL, 13.0 mmol) was added, followed by 

methanesulfonyl chloride (0.7 mL, 9.10 mmol). The mixture was allowed to warm to room 
temperature and stirred for 1 h. Methylene chloride (20 mL) was added, and the mixture washed 
twice with IN HCl, then twice with 10% aqueous sodium carbonate, and then brine. The organic 
phase was dried (Na2S04), and evaporated to yield mesylate 359 (1.60 g, 99% yield). Data for 
20 359: taMR (300 MHz, CDCI3): 5 7.67 (s, 2H), 7.56 (s, IH), 5.22 (m, IH), 4.51 (m, 2H), 3.60 
(m, IH), 3.40 (dd, J- 7, 15 Hz, IH), 3.25 (s, 3H). 

Synthesis of azide 360 

A solution of mesylate 359 (1.60 g, 6.15 mmol) in dimethylformamide (10 mL) was 
treated with sodium azide (1 .6 g, 24.60 noonol) and the mixture heated to 80°C for 3 h. The 
25 reaction mixture was cooled to room temperature, diluted with ethyl acetate (50 mL), and 

washed with brine (2 x 50 mL). Drying (Na2S04), and evaporation provided azide 360 (1 .28, 
77% yield) as a yellow oil of suitable purity for use in subsequent reactions. Data for 360: 
^HNMR (300 MHz, CDCI3): 5 7.45 (s, 2H), 7.39 (s, IH), 3.51 (dd, J= 17, 4 Hz, IH), 3.35-3.20 
(m, 2H),3.13 (m, IH). 
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Synthesis of isoxazoline 251 
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A solution of alkyne 173 (170 mg, 0.220 mmol) in tetrahydrofuraa (10 mL) was treated 
with azide 360 (0.08 g, 0.324 mmol), A?-diisopropylethylamine (0.05 mL, 0.22 mmol) and 
copper (I) iodide (0.03 g, 0.160 mmol), and the mixture was stirred under argon at room 
5 temperature for 16 h. The reaction mixture was diluted with ethyl acetate (50 mL), and washed 
with brine (2 x 50 mL). The organic phase was dried and evaporated. The residue was purified 
by preparative thin layer chromatography (using 80% CH2CI2, 20% MeOH, 1% NH4OH as 
eluant) to provide isoxazoline 251 (197 mg, 86% yield) as a yellow solid. Data for 251: 
^HNMR (300 MHz, CDCI3, partial): 8 7.36 (s, 2H), 7.22 (s, IH), 4.96 (m, 2H), 4.24 (m, 2H), 
10 4.10 (m, IH), 3.52-3.15 (m, 2H), 3.06 (s, IH), 2.59 (m , 2H). 

Synthesis of isoxazoline 252 

This compound was made from aUcjnie 173 and the requisite 3,5-difluoro azide using the 
same procediires reported above for the synthesis of isoxazoline 251. Data for 252: ^H-NMR 
(300 MHz, CDCI3, partial): 5 7.50 (s, IH), 7.10 (d, J= 3 Hz, 2H), 6.86 (m, IH), 5.10 (m, IH), 
15 5.08 (m, IH), 4.66 (m, IH), 4.61 (m, 2H), 4.41 (m, IH), 4.20 (m, IH), 4.10 (m, IH), 3.68 (m, 
2H), 3.32-3.22 (m, 2H), 2.84 (t, 2H). 

Example 41 — Synthesis of Triazoles 361-367 

Scheme 64 depicts the synthesis of triazoles 361 and 362. Azide 416 was treated with 
alkynes 173 and 174 to produce triazoles 361 and 362 respectively. 

20 Scheme 64 




362 



Synthesis of azide 416 

Azide 416 was synthesized from 2-aaiino-3-methyl-thiazole using the chemistry reported 
in the literature (Bricloier, S.J. et ah J. Med Chem. 1996, 39, 673). Data for 416: ^HNMR (300 
25 MHz, CDCI3): 5 6.59 (s, IH), 4.92-4.87 (m, IH), 4.34 (t, J- 9 Hz, IH), 4.12 (dd, J= 6, 3 Hz, 
IH), 3.73 (dd, J= 3, l2 Hz, IH), 3.61 (dd, J- 3, 12 Hz, IH), 2.35 (s, 3H). 
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To amixture of alkyne 173 (150 mg, 0.191 mmol), azide 416 (55 mg, 0.229 mmol) and 
copper (I) iodide (18.3 mg, 0.096 mmol) was added THF (10 mL) and the mixture was 
repeatedly degassed and flushed with argon. Then i-PriNEt (0.05 mL) was introduced and the 
5 mixture was stirred at room temperature for 1 h. The reaction mixture was poured into NH4CI 
(30 mL) and stirred for few minutes. Then NH4OH (3 mL) was added and the mixture was 
extracted with methylene chloride (3 x 40 ml). The combined organic layer was dried (Na2S04), 
concentrated and flash chromatographed over silica gel (methylene chloride: MeOH : NH4OH = 
12:1:0.025) to provide 150 mg of the product Data for 361: MS (ESI) m/z 514 (M+2H)^"^; 
10 ^HNMR (300 MHz, CDCI3, partial): 5 7.59 (s, IH), 6.56 (s, IH), 5.22-5.10 (m, 2H), 4.79-4.62 
(m, 4H), 4.46-4.39 (m, 2H), 4.28 (br d, J- 3 Hz, IH), 0.91-0.87 (m, 6H). 

Synthesis of triazole 362 

The cycloaddition of alkyne 174 (150 mg, 0.187 mmol) and azide 416 (49.2 mg, 0.206 
mmol) was performed imder similar conditions £us described above for the synthesis of 361 to 
15 afford 169 mg of 362. Data for 362: MS (ESI) m/z 521 (M+2H)^'"; ^H NMR (300 MHz, CDCI3, 
partial): 5 7.49 (s, IH), 6.56 (s, IH), 5.18-5.12 (m, 2H), 3.34 (s, 3H), 3.03 (t, J= 9 Hz, IH), 
0.91-0.87 (m, 6H). 

Synthesis of triazole 363 

Triazole 363 (1 17 mg ) was synthesized from alkyne 174 (100 mg, 0.125 mmol) and 
20 azide 189 (29.7 mg, 0.126 mmol) foUowuig the same procedure as described above for 
compound 361. Data for 363: MS (ESI) m/z 519 (M+2H)^'"; ^HNMR (300 MHz, CDCI3, 
partial): 5 7.52 (s, IH), 7.35-7.28 (m, 2H), 7.08 (br d, J= 8 Hz, IH), 6.84 (dd, J= 2, 8 Hz, IH), 
5.10-5.01 (m, 2H), 4.29 (d, J- 3 Hz, IH), 3.23 (t, J= 8 Hz, IH), 3.03 (t, J= 9 Hz, 2H), 0.91- 
0.87 (m, 6H). 

25 Synthesis of triazole 364 

Triazole 364 (141 mg ) was synthesized from alkyne 174 (150 mg, 0.187 mmol) and 
azide 277 (57.5 mg, 0.206 mmol) following the same procedure as described above for 
compound 361. Data for 364: MS (ESI) m/z 541 (M4-2H)^''; ^H NMR (300 MHz, CDCI3, 
partial): 5 7.52 (s, IH), 7.22 (d, J= 2 Hz, IH), 6.93 (dd, J= 2, 8 Hz, IH), 6.83 (t, J= 9 Hz, IH), 
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5.09 (d, J= 5 Hz, IH), 5.05-4.98 (m, IH), 4.45 (d, J= 7 Hz, IH), 3.88 (dd, J= 6, 3 Hz, IH), 3.34 
(s, 3H), 3.03 (t, J'= 9 Hz, IH), 0.91-0.87 (m, 6H). 



Synthesis of triazole 365 

Triazole 365 (200 mg ) was synthesized from alkyne 174 (150 mg, 0.187 mmol) and 
5 azide 266 (63.6 mg, 0.206 mmol) following the same procedure as described above for 
compound 361. Data for 365: MS (ESI) m/z 556 (M+2H)^'^; 'H NMR (300 MHz, CDCI3, 
partial): 8 7.52 (s, IH), 7.28-7.23 (m, IH), 6.98-6.91 (m, 2H), 5.12 (d, J= 5 Hz, IH), 5.04-5.02 
(m, IH), 4.45 (d, J= 1 Hz, IH), 4.28 (br d, J= 3 Hz, IH), 4.13-4.05 (m, 2H), 3.88 (dd, J= 6, 3 
Hz, IH), 3.74 (t, J= 5 Hz, 2H), 3.34 (s, 3H), 3.03 (t, J= 9 Hz, IH), 0.91-0.87 (m, 6H). 

1 0 Synthesis of triazole 366 

The required 3,5-difluorophenyl oxazolidinone azide was synthesized from 3,5- 
difluoroaniline using the same procedure as that used for the synthesis of azide 189. Triazole 
366 (157 mg ) was synthesized from alkyne 174 (150 mg, 0.187 mmol) and the 3,5- 
difluorophenyl oxazolidinone azide (52.3 mg, 0.206 mmol) following the same procedure as 
15 described above for compound 361. Data for 366: MS (ESI) m/z 528.6 (M+2H)^^, 1055.8 

(Mmf; ^H NMR (300 MHz, CDCI3, partial): 8 7.50 (s, IH), 7.02 (dd, J= 2, 9 Hz, 2H), 6.62- 
6.55 (m, IH), 5.14 (d, 5 Hz, IH), 5.10-5.02 (m, IH), 4.81 (d, J= 6 Hz, IH), 4.72 (d, J= 4 
Hz, 2H), 4.45 (d, J= 7 Hz, IH), 3.93 (dd, J= 6, 3 Hz, IH), 3.34 (s, 3H), 3.23 (dd, J= 7, 3 Hz, 
IH), 3.03 (t, J= 10 Hz, IH), 0.91-0.86 (m, 6H). 

20 Synthesis of triazole 367 

Triazole 367 (200 mg ) was synthesized from alkyne 174 (150 mg, 0.187 mmol) and 
azide 323 (59.1 mg, 0.206 mmol) following the same procedure as described above for 
compound 361. Data for 367: MS (ESI) m/z 545 (M+2H)^'"; ^H NMR (300 MHz, CDCI3, 
partial): 8 7.58 (d, J= 3 Hz, IH), 7.50 (s, IH), 7.40 (d, J= 9 Hz, IH), 7.28-7.24 (m, IH), 5.14 
25 (d, /= 4 Hz, IH), 5.10-5.02 (m, IH), 4.44 (d, J= 7 Hz, IH), 4.29 (br d, J= 2 Hz, IH), 3.95 (dd, 
J= 6, 3 Hz, IH), 3.34 (s, 3H), 3.23 (dd, J= 7, 3 Hz, IH), 3.03 (t, J= 9 Hz, IH), 0.91-0.86 (m, 
6H). 
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Scheme 65 depicts the synthesis of triazoles 368-370. The required azides 420, 424, and 
428 were synthesized using standard methods from the appropriate anilines. The cycloaddition 
of these azides with alkyne 173 afforded triazoles 368-370. 

Scheme 65 

Riv^ CBZCI.NaHC03 "^'Yli ?^ 1)n-BuLi,THF r.^X^I 

^X^^^^ ^^X«^"^^ ^^^^ ^ 

417 Ri = CH3. R2 H. R3 = F 418 Ri = CH3, Rg = H, R3 = F 3) MeOH. NaOMe 

421 Ri = CH3, R2 - F, R3 - H 422 Ri = CH3, R2 =vF, R3 = H 419 R^ = CH3, R2 = H, R3 = F 

425 Ri = F, R2 = CH3. R3 = H 426 Ri = F, R2 = CH3. R3 = H 433 ^ CH3, R2 = F. R3 = H 

427 Ri = F, R2 = CH3. R3 = H 



^"^^'^ > \y 369 

2)NaN3,DMF ^ 370 

N3 

420 Ri = CH3, R2 = H, R3 = F 
424Ri = CH3,R2=F.R3 = H 
428 Ri = F, R2 = CH3. R3 = H 

Synthesis of azides 420, 424, 428 

The azides were synthesized from the substituted aniUnes vising the chemistry reported in 
the literature (Brickner, SJ. et al. J. Med. Chem. 1996, 39, 673). 

10 Data for 420: MS (ESI) m/z 291 .9 (M+H+CH3CN)'", ^H-NMR, (300 MHz, CDCI3): 5 

7.31 (t, J= 8 Hz, IH), 6.96-6.91 (m, 2H), 4.76 (m, IH), 4.01 (t, J= 9 Hz, IH), 3.73 (m, IH), 
3.63 (dd, J= 13, 4 Hz, IH), 3.50 (dd, J= 14, 5 Hz, IH), 2.31 (s, 3H). 

Data for 424: ^H-NMR, (300 MHz, CDCI3): 5 7.28 (dd, J= 12, 2 Hz, IH), 7.08-7.00 (m, 
2H), 4.71 (m, IH), 3.98 (t, J= 9 Hz, IH), 3.74 (m, IH), 3.63 (dd, J= 13, 4 Hz, IH), 3.50 (dd, J= 
15 14, 5 Hz, IH), 2.16 (d, J= 2 Hz, 3H). 

Data for 428: ^H-NMR, (300 MHz, CDCI3) 5 7.29 (m, IH), 7.19 (m, IH), 6.92 (t, J= 9 
Hz, IH), 4.69 (m, IH), 3.98 (t, J= 9 Hz, IH), 3.75 (m, IH), 3.62 (dd, J= 13, 4 Hz, IH), 3.50 
(dd, J= 13, 5 Hz, IH), 2.21 (s, 3H). 
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This compound was obtained from the reaction of alkyne 173 (0.1 15 g, 0.148 mmol) with 
azide 420 (0.048 g, 0.192 mmol) in the presence of Cul (0.023 g, 0.1 1 1 mmol) in THF (5 mL) 
and Hunig's base (0.05 mL) at room temperature within 30 min. The reaction was poured into a 
5 mixture containing saturated NH4CI/NH4OH (pH = 9.5, 30 mL) and extracted with CH2CI2 (3 x 
30 mL). The combined organic layer was dried over Na2S04 and the solvent evaporated. The 
crude was purified on silica gel eluting with CHaCli/MeOH/NHUOH 18:1 :0.05 to 15:1 :0.05 to 
12:1:0.05 to give 368 as a white solid (0.146 g, 95% yield). Data for 368: MS (ESI) m/z 1037.1 
(M + Hf ; ^H-NMR (300 MHz, CDCI3, partial): 8 7.59 (s, IH), 7.05 (t, J= 8 Hz, IH), 6.89-6.84 
10 (m, 2H), 5.02 (m, 2H), 4.37 (d, J- 7 Hz, IH), 4.22 (d, J= 2 Hz, IH), 4.07 (m, 2H), 3.78 (m, 
IH), 3.60 (m, 2H), 0.82 (m, 6H). 

Synthesis of triazole 369 

This compound was obtained from the reaction of alkyne 173 (0.1 15 g, 0.148 mmol) with 
azide 424 (0.048 g, 0.192 mmol) in the presence of Cul (0.023 g, 0.1 1 1 mmol) in THF (5 mL) 

15 and Hunig's base (0.02 mL) at room temperature within 30 min. The reaction was worked-up as 
described for the synthesis of 368 and purified on silica gel eluting with CHCla/MeOH/NTELiOH 
15:1 :0.05 to give 369 as a white solid (0. 121 g, 79% yield). Data for 369: MS (ESI) m/z 1 037.8 
(M + Hf; ^H-NMR (300 MHz, CDCI3, partial): 5 7.61 (s, IH), 7.24 (m, IH), 7.1 1 (t, J= 8 Hz, 
IH), 6.95 (m, IH), 5.08 (d, J= 4 Hz, IH), 5.02 (m, IH), 4.69 (m, 3H), 4.57 (m, IH), 4.42 (d, J 

20 =7 Hz, IH), 4.27 (d, J= 3 Hz, IH), 4.10 (m, 2H), 3.91 (m, IH), 3.65 (m, 2H), 0.88 (m, 6H). 

Synthesis of triazole 370 

This compound was obtained from the reaction of alkyne 173 (0.1 15 g, 0.148 mmol) with 
azide 428 (0.048 g, 0.192 mmol) in the presence of Cul (0.023 g, 0.111 mmol) in THF (5 mL) 
and Hunig's base (0.02 mL) at room temperature within 30 min. The reaction was worked-up as 

25 described for the synthesis of 368 and purified on silica gel eluting with CHCl3/MeOH/NH40H 
15:1 :0.05 to give 370 as a white solid (0.129 g, 84% yield). Data for 370: MS (ESI) m/z 1037.8 
(M + H)*; ^H-NMR (300 MHz, CDCI3, partial): 5 7.62 (s, IH), 7.23-7.16 (m, 2H), 6.98 (t, J= 9 
Hz, IH), 5.08-5.04 (m, 2H), 4.72 (m, 3H), 4.44 (d, J= 7 Hz, IH), 4.29 (m, 2H), 4.1 1 (m, 2H), 
3.93 (m, IH), 3.66 (m, 2H), 0.90 (m, 6H). 
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Example 43 - Synthesis of Triazoles 371 and 372 

Scheme 66 depicts the synthesis of triazoles 371 and 372. The silylethers 429 and 430 
were synthesized from the available carboxylic acids, and were transformed into azides 435 and 
436. The cycloaddition of 435 and 436 yielded triazoles 371 and 372 respectively. 



5 Scheme 66 
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Synthesis of silylethers 429 and 430 

3-(4-Amino-phenyl)-propionic acid was reduced to the corresponding amino alcohol as 
described in the literature (Anliowry et al, J. Chem. Soc. Perkin Trans. 1 1974, 191-192). The 
10 crude amino alcohol was sequentially protected with CBZ- and TBS-groups as described below 
for compound 437. The crude was purified on silica gel (eluting with EtOAc/Hexanes, 1 :7) to 
give compoimd 429 as colorless oil (about 74% yield, three steps). 

(4-Nitro-phenyl)-acetic acid was reduced to the nitro-alcohol as described in the literature 
(Anhowry a/., J. Chem. Soc, Perkin Trans, 1 1974, 191-192). Catalytic hydrogenation 
15 afforded the corresponding amino alcohol. Subsequent CBZ- and TBS-group protection, as 

described below for compound 437, followed by purification on a silica gel column (eluting with 
EtOAc/Hexanes, 1:8 to 1:7) gave compoxmd 430 as white soUd (about 78% yield, 4 steps). 
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Silylethers 429 and 430 were converted to azides 435 and 436 using the chemistry 
reported in the literature (Brickner, SJ. et al. J. Med. Chem. 1996, 39, 673), followed by 
desilylation using standard conditions. 

5 Synthesis of triazoles 371 and 372 

Triazole 371 was obtained from the reaction of alkyne 173 (0.120 g, 0.154 mmol) wilh. 
azide 435 (0.05 1 g, 0. 1 85 mmol) in the presence of Cul (0.023 g, 0. 1 11 mmol) in TEIF (5 mL) 
and Hunig's base (0.02 niL) at room temperature within 30 min. The reaction was worked-up as 
described for the synthesis of triazole 368 and purified on silica gel (eluting with CH2CI2/ 
10 MeOH/NH40H 15:1:0.05 to 14:1:0.05) to give 371 as a white solid (0.124 g, 76 % yield). Data 
for 371: MS (ESI) m/z 1063.9 (M + H)"^; ^H-NMR (300 MHz, CDCI3, partial): 5 7.63 (s, IH), 
7.32 (d, J= 8 Hz, 2H), 7.19 (d, J= 8 Hz, 2H), 5.05 (m, 2H), 4.72 (m, 3H), 4.45 (d, J= 7 Hz, 
2H), 4.28 (d, J= 4 Hz, IH), 4.15 (m, 2H), 3.92 (m, IH), 0.90 (m, 6H). 

Triazole 372 was obtained from the reaction of allcyne 173 (0.120 g, 0.154 mmol) with 
1 5 azide 436 (0.049 g, 0. 1 85 mmol) m the presence of Cul (0.023 g, 0. 1 1 1 mmol) m THF (5 mL) 
and Hunig's base (0.02 mL) at room temperature withia 30 min. The reaction was worked-up as 
described for the synthesis of triazole 368 and purified on silica gel (eluting with CH2CI2/ 
MeOH/NH40H 15:1:0.05 to 14:1:0.05) to give 372 as a white solid (0.116 g, 72 % yield). Data 
for 372: MS (ESI) m/z 1050.0 (M + Hf; ^H-NMR (300 MHz, CDCI3, partial): 8 7.59 (s, IH), 
20 7.3 1 (d, J= 8 Hz, 2H), 7.18 (d, J= 8 Hz, 2H), 5.02 (m, 2H), 4.66 (m, 3H), 4.51 (m, IH), 4.40 (d, 
J= 6 Hz, 2H), 4.24 (m, IH), 4.10 (m, 2H), 3.61 (m, 2H), 0.86 (m, 6H). 

Example 44 — Synthesis of Triazole 373 

Scheme 67 depicts the synthesis of triazole 373. Trans 4-aminocyclohexanol was 
converted to carbamate 437 prior to ftirther manipulation into azide 439. The cycloaddition of 
25 439 with alkyne 173 afforded triazole 373. 
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Synthesis of carbamate 437 

Trans 4-aminocyclohexanol was protected with a CBZ-group as described in the 
5 literature (Brickner, S. J. et al J. Med. Chem, 1996, 39, 673) and protected with a TBS-group as 
described in the literature (Green, T. W.; Wuts, P.G. M., Protective Groups in Organic Synthesis, 
1991, John Wiley & Sons, Inc., pp 77- 83) to give crude compound 437 which was used without 
further pxmfication. 

Synthesis of azide 439 

1 0 Carbamate 437 was converted to azide 439 using the chemistry reported in the literature 

(Brickner, SJ. etal J, Med. Chem, 1996, 39, 673). 

Synthesis of triazole 373 

Triazole 373 was obtained from the reaction of alkyne 173 (0.140 g, 0.180 mmol) with 
azide 439 (0.050 g, 0.210 mmol) m the presence of Cul (0.023 g, 0,1 1 1 mmol) in THF (5 mL) 
15 and Hunig's base (0.05 mL) at room temperature within 30 min. The reaction was worked-up as 
described for the synthesis of triazole 368 and purified on silica gel (eluting with CH2CI2/ 
MeOH/NH40H 14:1 :0.075) to give triazole 373 as a white solid (0.135 g, 73 % yield). Data for 
373: MS (ESI) m/z 1027.8 (M + H)""; ^H-NMR (300 MHz, CDCI3, partial): 5 7.50 (s, IH), 5.13 
(m, 2H), 4.90 (m, 2H), 4.61 (m, 4H), 4.12 (m, 3H), 0.90 (m, 6H). 
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Scheme 68 depicts the synthesis of triazoles 374-377. The cycloaddition of fluoroaryl 
azides 440 and 441 with alkynes 173 and 174 provided triazoles 374-377. 

Scheme 68 

440 R = H 7 

441 R = F N3 

5 

Synthesis of azides 440 and 441 

The azides were synthesized from the substituted anilines using the chemistry reported in 
the literature (Briclaier, S.J. et al J, Med. Chem. 1996, 39, 673). 

Synthesis of triazole 374 

10 This compound was obtained from the reaction of alkyne 173 (0.250 g, 0.3 18 nunol) with 

azide 440 (0.090 g, 0.381 mmol) in the presence of Cul (0.031 g, 0.150 nrniol) in THF (10 mL) 
and Hunig's base (0.1 mL) at room temperature within 30 min. The reaction was worked-up as 
described for the synthesis of 368 and purified on silica gel eluting with CH2Cl2/MeOH/NH40H 
15:1:0.05 to give 374 as a white solid (0.294 & 90% yield). Data for 374: MS (ESI) m/z 1023.7 

15 (M + H)^; ^H-NMR (300 MHz, CDCI3, partial): 6 7.55 (s, IH), 7.30 (m, 2H), 6.97 (t, J = 9 Hz, 
2H), 4.99 (m, 2H), 4.36 (d, J= 7 Hz, IH), 4.22 (d, J= 3 Hz, IH), 4.07 (m, 2H), 3.84 (m, IH), 
3.59 (m, 2H), 0.82 (m, 6H). 

Synthesis of triazole 375 

This compound was obtained from the reaction of alkyne 174 (0.150 g, 0.187 mmol) with 
20 azide 440 (0.068 g, 0.288 mmol) in the presence of Cul (0.023 g, 0.1 1 1 mmol) in THF (5 mL) 
and Himig's base (0.05 mL) at room temperature within 30 min. The reaction was worked-up as 
described for the synthesis of 368 and purified on silica gel eluting with CH2Cl2/MeOH/NH40H 
15:1:0.05 to 12:1:0.05 to give 375 as a white solid (0.139 g, 72% yield). Data for 375: MS (ESI) 
m/z 1037.7 (M + Hf ; ^H-NMR (300 MHz, CDCI3): 5 7.46 (s, IH), 7.27 (m, 2H), 6.97 (m, 2H), 
25 5.05 (d, J= 5 Hz, IH), 4.96 (m, IH), 4.65 (m, 4H), 4.38 (d, J= 7 Hz, IH), 4.22 (d, J= 3 Hz, 
IH), 4.05 (m, 2H), 3.87 (m, IH), 3.56 (m, 2H), 0.83 (m, 6H). 
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Synthesis of triazole 376 

This compound was obtained from the reaction of alkyne 173 (0.140 g, 0.180 mmol) with 
azide 441 (0.053 g, 0.210 mmol) in the presence of Cul (0.023 g, 0.1 1 1 mmol) in THF (5 mL) 
and Hxuiig's base (0.05 mL) at room temperature within 30 min. The reaction was worked-up as 
5 described for the synthesis of 368 and purified on silica gel eluting with CH2Cl2/MeOH/NH40H 
15:1:0.05 to 15:1:0.1 to give 376 as a white solid (0.183 g, 98% yield). Data for 376: MS (ESI) 
m/z 1041.7 (M + H)""; ^H-NMR (300 MHz, CDCI3, partial): 5 7.61 (s, IH), 7.48 (m, IH), 7.13 
(m, IH), 7.00 (m, IH), 5.07 (m, 2H), 4.72 (m, 3H), 4.43 (d, J= 7 Hz, IH), 4.29 (m, 2HX 4.14 
(m, 2HX 3.85 (m, IH), 3.66 (m, 2H), 0.88 (m, 6H). 

1 0 Synthesis of triazole 377 

Alkyne 174 (150 mg, 0.187 mmol) and azide 441 (52.3 mg, 0.206 mmol) were treated 
with copper (I) iodide under similar conditions as reported above for the synthesis of triazole 361 
to afford 170 mg of 377. Data for 377: MS (ESI) m/z 528.5 (M+2H)^^ 1055.7 (M+H)"**; ^H 
NMR (300 MHz, CDCI3, partial): 5 7.51 (s, IH), 7.49-7.42 (m, IH), 7.14 (dd, J= % 9 Hz, IH), 
15 6.99-6.96 (m, IH), 5.13 (d, J= 5 Hz, IH), 5.07-5.02 (m, IH), 4.44 (d, J- 7 Hz, IH), 3.95 (dd, J 
= 6, 3 Hz, IH), 3.48 (s, 3H), 3.34 (s, 3H), 3.03 (t, J= 9 Hz, IH), 0.92-0.87 (m, 6H). 

Example 46 - Synthesis of Triazole 378 

Scheme 69 depicts the synthesis of triazole 378. The reductive ammation reaction of 4- 
iodobenzylamine and qiiinoiine-4-carboxaldehyde yielded amine 442 which was converted to the 
20 BOC derivative 443. Palladixmi-catalyzed conversion of iodide 443 to the corresponding pinacol 
boronate ester was followed by in situ Suzuki coupling with iodoaryl azide 253 to yield azide 
444. The cycloaddition of 444 with alkyne 173 gave triazole 378. 



Scheme 69 
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A solution of 4-iodobeiizylainine (0.93 g, 4.0 inmol) in methanol (10 mL) was treated 
with qiiinoline-4-carboxaldehyde (0.50 g, 3.2 nunol), acetic acid (0.2 mL) and sodium 
triacetoxyborohydride (1.7 g, 8.0 mmol), and the mixture was stirred under argon at 23 °C for 3 

5 h. The reaction mixture was diluted with ethyl acetate (1 50 mL), washed with saturated aqueous 
sodium bicarbonate (2 x 100 mL), dried (Na2S04)5 and evaporated to provide iodide 442 (0.83 
mg, 69% yield) as a yellow oil. Data for 442: MS (ESI) m/z 375 (M+H)^; ^HNMR (300 MHz, 
CDCI3): 5 8.80 (d, J- 5 Hz, IH), 8.07 (d, J= 8 Hz, IH), 7.94 (d, J= 8 Hz, IH), 7.65-7.58 (m, 
IH), 7.59 (d, J= 8 Hz, 2H), 7.52~-7.42 (m, IH), 7.37 (d, 5 Hz, IH), 7.05 (d, J= 8 Hz, 2H), 

10 4.13 (s,2H),3.76(s,2H). 

Synthesis of iodide 443 

A solution of iodide 442 (0.66 g, 1.8 mmol) in methylene chloride (15 mL) was treated 
with di-^er^-butyl dicarbonate (0.42 mL, 3.2 mmol), and heated to reflux for 0.5 h. The reaction 
mixture was evaporated, and the residue purified by flash chromatography (Si02, 15—50% ethyl 
15 acetate/methylene chloride) to provide iodide 443 (0.72 g, 86% yield) as a colorless oil. Data for 
443: MS (ESI) m/z 475 (M+H)""; ^HNMR (300 MHz, CDCI3): 5 8.85 (d, J= 4 Hz, IH), 8.12 (d, 
J= 8 Hz, IH), 7.98-7.82 (m, IH), 7.72-7,66 (m, IH), 7.61 (d, J= 8 Hz, 2H), 7.54-7.48 (m, IH), 
7.16 (d, J- 5 Hz, IH), 6.98-6.85 (m, 2H), 4.88-4.80 (m, 2H), 4.43-4.29 (m, 2H), 1.49-1.42 (m, 
9H). 

20 Synthesis of azide 444 

A solution of iodide 443 (0.22 g, 0.46 mmol) in dioxane (2.5 mL) was treated with 
triethylamine (0.19 mL, 1.4 mmol), pinacol borane (0.090 mL, 0.61 mmol), and Pd(dppf)Cl2 (10 
mg, 0.012 mmol) and heated to 80°C for 3 h. The reaction mixture was cooled to room 
temperature, diluted with ethanol (0.83 mL) and H2O (0.83 mL), treated with potassium 

25 carbonate (0.19 g, 1.4 mmol), azide 253 (0.17 g, 0.46 mmol), and Pd(dppf)Cl2 (10 mg, 0.012 
mmol), and heated to 80°C for 3 h. The reaction mixture was cooled to room temperature, 
diluted with methylene chloride (50 mL), washed with saturated aqueous sodium bicarbonate (2 
X 50 mL), dried (Na2S04), and evaporated. Flash chromatography (Si02, 50-100% ethyl 
acetate/methylene chloride) provided azide 444 (0.18 g, 67% yield) as a yellow oil. Data for 

30 444: ^HNMR (300 MHz, CD3OD/CDCI3): 5 8.76 (d, J= 5 Hz, IH), 8.04-8.00 (m, 2H), 7.77- 
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7.69 (m, IH), 7.62-7.43 (m, 8H), 7.33-7.25 (m, IH), 4.89-4.83 (m, IH), 4.28 (s, 2H), 4.22-4.12 
(m, IH), 3.94 (s, 2H), 3.92-3.88 (m, IH), 3.79-3.72 (m, IH), 3.62-3.56 (m, IH). 



Synthesis of triazole 378 

A solution of azide 444 (0.090 0.15 mmol) in dichloromethane (4.0 mL) was treated 
5 with trifluoroacetic acid (4.0 mL) and stirred at 23 for 1 h. The solvent was removed under 
reduced pressure, and the residue dissolved in chloroform (100 mL) and washed with 10% 
aqueous potassium carbonate (100 mL), dried (Na2S04), and evaporated to provide 50 mg of 
deprotected amine as an orange solid. 



1 0 mmol) in tetrahydrofuran (1 .5 mL) was treated with TV, A^-diisopropylethylamine (0.01 5 mL, 

0.089 mmol) and copper (I) iodide (2.0 mg, 0.0089 mmol) and stirred under argon at 23 °C for 1 
h. The reaction mixture was diluted with saturated aqueous ammonium hydroxide (10 mL) and 
extracted with dichloromethane (3 x 20 mL). The combined organic fractions were dried 
(Na2S04) and evaporated, and the residue purified by preparative thin-layer chromatography 

15 (PTLC, Si02, ammonium hydroxide/methanol/ethyl acetate/dichloromethane 0.5:10:15:74.5) to 
provide 378 (44 mg, 48% yield) as a white powder. Data for 378: MS (ESI) m/z 1270 (M+H)"*"; 
^HNMR (300 MHz, CDCI3, partial): 6 8.89 (d, J= 5 Hz, IH), 8.12 (d, J= 9 Hz, IH), 8.06 (d, J 
- 8 Hz, IH), 7.72-7.68 (m, IH), 7.62 (s, IH), 7.19-7.17 (m, IH), 4.30 (s, 2H), 3.96 (s, 2H), 3.33 
(s, 3H), 2.33 (s, 3H), 2.26 (s, 3H), 0.88-0.86 (m, 6H). 

20 Example 47 - Synthesis of Triazole 379 

Scheme 70 depicts the synthesis of triazole 379. Azide 300 was converted to 
hydroxyamidine 445 which was subsequently cyclized with triethylorthoformate to oxadiazole 
azide 446. The cycloaddition of 446 with alkyne 173 yielded triazole 379. 



A solution of this crude amine (0.0430 g, 0.089 mmol) and alkyne 173 (0.056 g, 0.071 
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A solution of azide 300 (300 mg, 1.1 mmol) in ethanol (5.5 mL) was treated with 
potassium carbonate (152 mg, LI mmol) and hydroxylamine hydrochloride (153 mg, 2.2 mmol) 
and refluxed for 3 h. The reaction was cooled to 23°C and the solvent was evaporated in vacuo. 

5 The crude hydroxyamidine was added to triethylorthoformate (5.5 mL) and the reaction was 

refluxed for 2 h, cooled to 23°C and stirred for 48 h, and then refluxed for Ih. The reaction was 
then cooled to 23°C and diluted with ethyl acetate (20 mL). The organic layer was washed with 
1 M hydrochloric acid (20mL). Drying (Na2S04) and evaporation provided oxadiazole azide 446 
(80 mg, 0.26 mmol, 24% yield). Data for 446: ^HNMR (300 MHz, CDCI3): 5 8.80 (s, IH), 8.12 

10 (t, J- 8 Hz, IH), 7.66 (dd, J= 13, 2 Hz, IH), 7.43 (dd, J= 9, 2 Hz, IH), 4.91-4.81 (m, IH), 

4.17-4.1 1 (m, IH), 3.93 (dd, J= 9, 6 Hz, IH), 3.77 (dd, J= 4, 13, IH), 3.63 (dd, J- 4, 13, IH). 

Synthesis of triazole 379 

A solution of aUcyne 173 (135 mg, 0.17 mmol) and azide 446 (65 mg, 0.21 mmol) in 
tetrahydrofuran (1.3 mL) was treated with diisopropylethylamine (0.037 mL, 0.21 mmol) and 
1 5 then degassed by application of vacuxmi and introduction of argon. Copper (I) iodide (4 mg, 
0.021 mmol) was added, and the reaction was again degassed. The reaction was stirred under 

argon at 23 ""C for 1 h, and then purified by flash chromatography (SiOi, anmionium 
hydi-oxide/methanol/dichloromethane (0.05:1:12)) to provide 379 (153 mg, 0.14 mmol, 82% 
yield) as a white powder. Data for 379: MS (ESI) m/z 1091.8 (M+H)""; ^HNMR (300 MHz, 
20 CDCI3, partial): 5 8.80 (s, IH), 8.18-8.136 (m, IH), 7.69 (s, IH), 7.65 (dd, J= 13, 2, IH), 7.37- 
7.33 (m, IH), 4.82-4.80 (m, IH), 4.67 (dd, J= 10, 2 Hz, IH), 3.41 (s, 3H), 0.98-0.93 (m, 6H). 

Example 48 - Synthesis of Triazole 380 

The required 3,5-difluoroaryl oxazolidinone azide was synthesized from 3,5- 
difluoroaniline using the chemistry reported in the literature (Brickner, S.J. et aL J. Med. Chem, 
25 1996, 39, 673). 

Alkyne 328 (70 mg, 86 ^imol), the above azide (33 mg, 129 luimol), and Cul (2 mg, 8 
|imol) were reacted under the conditions described for the synthesis of triazole 228 to afford 
triazole 380 as a white solid (92.6 mg, 85 iiimol). Data for 380: MS (ESI) m/z 543 (M + 2ilf^; 
^HNMR (300 MHz, CDCI3, partial): 5 7.99 (bs, IH), 7.42 (s, IH). 7.00-6.92 (m, 2H), 6.51 (tt, J 
30 - 9, 2 Hz, IH), 5.06-4.99 (m, IH), 4.94 (d, J= 6 Hz, IH), 4.66 (d, J= 5 Hz, 2H), 4.59 (dd, J= 9, 
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2 Hz, IH), 4.38 (d, J = 7 Hz, IH), 4,22 (dd, J= 6, 2 Hz, IH), 4.10 (t, J= 8 Hz, IH), 4.10-4.00 
(m, IH), 3.87-3.82 (m, 2H), 3.61-3.57 (m, 2H), 3.53-3.41 (m, 2H), 3.33 (s, 3H), 3.16 (dd, J= 10, 
4 Hz, IHX 2.96 (t, J= 10 Hz, IH), 2.85-2.73 (m, 5H), 2.31 (s, 3H), 2.19 (s, 3H), 0.83 (d, J= 6 
Hz, 3H), 0.81 (t, J = 7 Hz, 3H). 

5 Example 49 - Synthesis of Triazoles 381 and 382 

Scheme 71 depicts the synthesis of triazoles 381 and 382. Amine 171 was converted to 
carbamate 447 prior to cycloaddition with azide 158 to afford triazole 381. Amine 171 was 
demethylated to yield amine 448, wliich was subsequently transformed to carbamate 449 and 
ultimately triazole 382. 

10 Scheme 71 




381 



I NaOMe, I2, MeOH 




382 



Synthesis of carbamate 447 

To a stirred solution of 171 (0.72 g, LO mmol) in CH2CI2 (10 mL) and Hunig's base (1 
mL), was added dropwise a CH2CI2 solution of 4-butynyl chlorofomate (135 mg, 1.01 mmol in 2 
15 mL). The mixture was stirred at rt for 16 h, then diluted to 50 mL with CH2CI2 and washed with 
sat. aq. NaHCOs (50 mL) and brine (25 mL). The organic fraction was dried over K2CO3, 
filtered and concentrated to give 0.9 g of a foam which was purified by silica gel 
chromatography (25mm x 6" column eluted with 50:1 CH2CI2/2N NH3 in MeOH) to afford 
carbamate 447 as a white solid (0.68 g, 0.83 mmol). Data for 447: MS (ESI) miz 815 (M + H)"^; 
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^HNMR (300 MHz, CDCI3, partial): 5 8.72 (bs, IH), 5.07 (d, J = 4 Hz, IH), 4.95 (d, J = 7 Hz, 
IH), 3.32 (s, 3H), 2.90 (s, 3H), 2.31 (s, 3H), 1.34-1.27 (m, 8H), 1.27-1.15 (m, lOH), 1.10-0.99 
(m, 9H), 0.92-0.84 (m, 6H). 

Synthesis of triazole 381 

5 Alkyne 447 (60 mg, 72 nmol), azide 158 (35 mg, 108 \xmoV), and Cul (2 mg, 8 |amol) 

were reacted under the conditions described for the synthesis of compotind 228 to afford triazole 
381 as a white solid (67 mg, 65 fimol). Data for 381: MS (ESI) m/z 1 137 (M + Hf; ^HNMR 
(300 MHz, CDCI3, partial): 5 8.9 (bs, IH), 7.63 (s, IH), 7.05-6.92 (m, IH), 6.82 (t, J = 9 Hz, 
IH), 5.10-4.90 (m, 2H), 4.80-4.00 (m, 7H), 3.90-3.81 (m, 3H), 3.70-3.58 (m, 2H), 3.41-3.25 (m, 
10 3H) 3.20 (pent, J= 6, IH), 3.10-2.96 (m, 4H), 2.92-2.38 (m 5H), 2.29 (s, 3H), 2.10-1.40 (m, 
51H), 1.25-1.04 (m, 15H), 0.93 (d, J= 8, 3H), 0.94-0.83 (m, 6H). 

Synthesis of amine 448 

To a stirred solution of desmethyl azithromycin 171 (10.0 g, 13.6 mmol) in methanol 
(200 mL) was added sodium methoxide (1.33 g, 25 mmol). The mixture was cooled to O^C prior 

15 to the addition of iodine (3.55 g, 14 mmol). The mixture was stirred at 0°C for 1 .5 h, then 

warmed to rt over Ih. The reaction mixture was poured into ice water (IL) and the solution was 
adjusted to pH 12 by addition of KOH which led to the precipitation of a white solid. After 
sitting at 0°C for 1 h, the solid was filtered to give 7.2 g of crude product which was 
recrystallized from boiling methanol to give 3.8 g of product as white crystals. Data for 448: MS 

20 (ESI) m/z 361.24 (M + 2Hf*; *HNMR (300 MHz, CDCla.partial): 8 8.48 (bs, IH), 5.18 (bs, 

IH), 4.95 (d, J = 4 Hz, IH), 4.60 (dd, J = 10, 2 Hz, IH), 4.30 (d, / = 8 Hz, IH), 4.1 8 (dd, J =5, 
2 Hz, IH), 4.06-3.96 (m, IH), 3.60-3.48 (m, 3H), 3.27 (s, 3H) 2.28 (s, 3H). 

Synthesis of carbamate 449 

3'-N-bis-demethyl azithromycin 448 (180 mg, 0.25 mmol) was treated with 4-butynyl 
25 chlorofomate (35 mg, 0.25 mmol) under the same conditions described for the synthesis of 447 
to afford carbamate 449 as a white solid (157 mg, 0.19 mmol). Data for 449: MS (ESI) m/z 1 123 
(M + Kf; ^HNMR (300 MHz, CDCI3, partial): 8 8.18 (bs, IH), 4.92 (d, J - 4 Hz, IH), 4.78 (d, J 
= 4 Hz, IH), 4.39 (d, J = 6 Hz, IH), 4.15 (t, J = 7 Hz, 2H), 4.05-3.92 (m, IH), 3.28 (s, 3H), 2.30 
(s, 3H), 1.68 (d, J = 8 Hz, IH), 1.51 (dd, J= 8, 3 Hz, IH), 1.28-1.12 (m, 8H), 1.27-1.15 (m, 
30 lOH), 1.05 (d, J= 7 Hz, 3H), 1.00 (s, 3H), 0.91 (d, /= 7 Hz, 3H), 0.92-0.84 (m, 6H). 
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Alkyne 449 (40 mg, 49 |amol), azide 158 (24 mg, 73 |Limol), and Cul (2 mg, 8 |Limol) were 
reacted under the conditions described for the synthesis of compound 228 to afford triazole 382 
as a white solid (67 mg, 65 ixmoV), Data for 382: MS (ESI) m/z 1 135 (M + H)""; ^HNMR (300 
5 MHz, CDCI3, partial): 8 8.30 (bs, IH), 7.54 (s, IH), 7.11-7.02 (m, 2H), 6.82-6.70 (m, 2H), 5.41 
(d, J- 5 Hz, IH), 5.05-4.90 (m, 2H), 4.68 (d, J= 4 Hz, IH), 4.59 (d, J= 6 Hz, IH), 3.28 (s, 3H), 
2.25 (s, 3H), 1.69 (d, J= 8 Hz, IH), 1.31-LOl (m, 15H), 0.95 (d, J= 8, 3H), 0.80 (t, J= 8, 3H). 

Example 50 - Synthesis of Triazoles 383 and 384 

Scheme 72 depicts the synthesis of triazoles 383 and 384. 4-Nitrobenzenesulfonyl 
1 0 chloride was convereted to sulfonamide 450 which was manipulated to carbamate 452 by 
standard chemistry. Oxazolidinone formation followed by azide formation gave 455. The 
cycloaddition of 455 with alkynes 173 and 174 rendered triazoles 383 and 384 respectively. 

Scheme 72 

o 

O2N-O-SO2CI ^^"^ 02N^KS02NMe2 — ^ HaN^Q-SOaNMez 2??S. Ph-^^'^^-Qt-SOzt^Usz 
^ THF 10%Pd-C NaHCOa ^ 

450 451 452 

173 383 



(RH-)-Glycidyl butryate ^^^x^^qH 2) NaNg, DMF ""-^^^ 

453 

454 R = 



454 R = CMS "^^^ 384 

455 R = N3 



1 5 Synthesis of azide 455 



4-Nitrobenzenesulfonyl chloride (2.22 g, 10 mmol) was added to a solution of 
dimethylamine (10 mL, 2.0 M in THF, 20 mmol) at 0°C. The reaction was stirred at 0°C for 1 h 
and then at room temperature for additional 1 h. The THF was removed under vacuum, more 
water was added, and the precipitate was collected by filtration and dried to afford 450 (2.20 g, 
20 96% yield). Data for 450: ^HNMR (300 MHz, CDCI3-CD3OD): 5 8.33 (d, J= 9 Hz, 2H), 7.90 
(d, J= 9 Hz, 2H), 2.70 (s, 6H). 

To a solution of sulfonamide 450 (2.2 g, 9.6 mmol) in methanol (30 mL) was added 10% 
Pd-C (0.25 g) and the resulting mixture was stirred at room temperature for 6 h imder 1 atm 
hydrogen atmosphere. The Pd-C was removed by filtration on celite. The filtered solution was 
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evaporated to provide 451 (1 .8 g, 94% yield) as a white solid. Data for 451: ^HNMR (300 MHz, 
CDCI3): 6 7.43 (d, J= 9 Hz, 2H), 6.59 (4 ^= 9 Hz, 2H), 2.53 (s, 6H). 



Benzyl chloroformate (1.4 mL, 9.6 mmol) was added dropwise to a solution of aniline 
451 (1.60 g, 8.0 mmol), and NaHCOs (2.70 g, 21 mmol) in a mixture of THF (5 mL) and water 
5 (3 mL) at 0°C. After stirring at 0°C for 2 h and room temperature for 4 h, the reaction mixture 
was diluted Avith ethyl acetate (30 mL). The organic layer was washed with brine (3 x 50 mL), 
dried (MgS04) and concentrated to provide 2.35 g of white solid 452 in a yield of 93%. Data for 
452: ^HNMR (300 MHz, CDCI3): 6 7.79 (d, J= 9 Hz, 2H), 7.64 (d, J= 9 Hz, 2H), 7.50-7.45 (m, 
5H), 7.02 (br s, IH), 5.30 (s, 2H), 2.76 (s, 6H). 

10 To a solution of CBZ-protected amine 452 (1 .0 g, 3 mmol) in THF (20 mL) was added n- 

BuLi (3.3 mL, 1.6 M in hexane, 5.28 mmol) at -78°C and the mixture was stirred for 30 min. 
(i?)-(-)-Glycidyl but3a'ate (0.53 mL, 3.75 mmol) was added, the reaction was stin-ed at -78°C for 
3 h and was then warmed to room temperature and stirred overnight. The reaction was carefully 
quenched with saturated NH4CI and extracted with EtOAc. The organic phase was washed with 

15 brine, dried (MgS04) and concentrated. The crude product was recrystallized from ethyl acetate 
to give alcohol 453 as a white crystalline solid (0.45 g, 50% yield). Data for 453: MS (ESI) m/z 
300.9 (M+H)^; ^HNMR (300 MHz, CDCI3): 5 7.83 (d, J= 9 Hz, 2H), 7.78 (d, J= 9 Hz, 2H), 
4.86 (m, IH), 4.19-4.07 (m, 3H), 3.85 (dd, J = 4, 13 Hz, IH), 2.75 (s, 6H). 

To a solution of alcohol 453 (200 mg, 0.67 mmol) and EtsN (101 mg, 1.0 mmol) in 
20 CH2CI2 (5 mL) was added methanesulfonyl chloride (92 mg, 0.80 mmol) at 0°C. The mixture 
was stirred at room temperature for 30 min. The CH2CI2 solution was washed with brine, dried 
(MgS04), concentrated and crystallized from EtOAc to afford mesylate 454 (238 mg, 94% 
yield). Data for 454: MS (ESI) m/z 378.9 (M+H)""; ^HNMR (300 MHz, CDCI3): 5 7.80 (d, J= 9 
Hz, 2H), 7.73 (d, J= 9 Hz, 2H), 4.98 (m, IH), 4.54 (dd, J= 4, 12 Hz, IH), 4.46 (dd, J= 4, 12 
25 Hz, IH), 4.23 (t, J= 9 Hz, IH), 4.04 (dd, J- 6, 9 Hz, IH), 3.1 1 (s, 3H), 2.70 (s, 6H). 

A mixture of 454 (200 mg, 0.52 mmol) and sodium azide (137 mg, 2.1 1 mmol) in DMF 
(4 mL) was heated at 80°C for 3 h. The reaction mixture was diluted with EtOAc, washed with 
brine, dried (MgS04), concentrated and crystallized from EtOAc/MeOH to afford azide 455 (149 
mg, 88% yield). Data for 455: ^HNMR (300 MHz, DMSO): 5 7.72 (d, J- 9 Hz, 2H), 7.67 (d, J 
30 =9 Hz, 2H), 4.83 (m, IH), 4.1 1 (t, J- 9 Hz, IH), 3.77-3.58 (m, 3H), 2.58 (s, 6H). 
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A mixture of alkyne 173 (118 mg, 0.15 nunol), azide 455 (54 mg, 0.165 mmol) and 
copper (I) iodide (28.5 mg, 0,15 mmol) in THF (5 mGL) was repeatedly degassed and flushed with 
argon. Hunig's base (0.26 mL) was introduced and the mixture stirred at room temperature for 

5 12 h. The reaction mixture was poured into saturated NH4CI (30 mL) and stirred for 15 minutes. 
The mixture was extracted with CH2CI2, washed with brine, dried over MgS04 and concentrated. 
Chromatography on silica gel (25:1:0.05 CH2Cl2/MeOH/NH3-H20 as eluant) provided 383 (145 
mg, 87% yield) as a white foam. Data for 383: MS (ESI) m/z 1 1 12.7 (M+H)^ 557.1 (100%); 
^HNMR (300 MHz, CDCI3, partial): 5 7.70 (d, J= 9 Hz, 2H), 7.61 (s, IH), 7.60 (d, J= 9 Hz, 

10 2H), 3.32 (s, 3H), 2.66 (s, 6H), 2.28 (s, 3H), 2.26 (s, 3H), 0.87 (t, J= 8 Hz, 3H). 

Synthesis of triazole 384 

A mixture of alkyne 174 (120 mg, 0.15 mmol), azide 445 (54 mg, 0.165 mmol) and 
copper (I) iodide (28.5 mg, 0.15 mmol) in THF (5 mL) was repeatedly degassed and flushed with 
argon. Himig's base (0.26 mL) was introduced and the mixture stirred at room temperature for 

15 12 h. The reaction mixture was poured into saturated NH4CI (30 mL) and stirred for 15 minutes. 
Tlie mixture was extracted with CH2CI25 washed with brine, dried over MgS04 and concentrated. 
Chromatography on silica gel (25:1:0.05 CH2Cl2/MeOH/NH3-H20 as eluant) provided 384 (150 
mg, 89% yield) as a white foam. Data for 384: MS (ESI) m/z 1 126.7 (M+H)\ 564.1 (100%); 
^HNMR (300 MHz, CDCI3, partial): 8 7.74 (d, J= 9 Hz, 2H), 7.60 (d, J= 9 Hz, 2H), 7.52 (s, 

20 IH), 3.33 (s, 3H), 2.68 (s, 6H), 2.32 (s, 3H), 2.23 (s, 3H), 0.89 (t, J= 8 Hz, 3H). 

Example 51 - Synthesis of Triazoles 385-389 

Scheme 73 depicts the synthesis of triazole 385. 3-Chloro-4-methoxyaniline was 
converted to carbamate 456 which was subsequently parlayed to azide 459. The cycloaddition of 
459 with alkyne 173 afforded triazole 385. The same chemistry depicted in Scheme 73 was used 
25 to synthesize triazoles 386-389 from the appropriate anilines. 



Scheme 73 
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Sodixrai bicarbonate (2.69 g, 25.4 inmol) was dissolved in water (22 mL) and (45 mL) 
acetone. To this solution p-anisidine (2.0 g, 12.7 mmol) was added. The mixture was cooled to 
0°C, and benzyl chloroformate (1.81 mL, 12.70 mmol) was added. The mixture was stirred 5 
5 min at 0°C, the cold bath removed, and then stirring was continued at room temperature 

overnight (-16 hours). The mixture was evaporated, and partitioned with a 1 : 1 mixture of ethyl 
acetate and water. The organic layer was washed with water, and then brine. The organic layer 
was dried withNa2S04, and evaporated to 5deld carbamate 456 (3.20 g, 86% yield) of suitable 
purity for use in subsequent reactions. Data for 456: ^HNMR (300 MHz, CDCI3): 5 7.50 (s, 
10 IH), 7.30 (m, 5H), 7.10 (d, J= 5 Hz, IH), 6.80 (d, J= 8 Hz, IH), 5.15 (s, 2H), 3.84 (s, 3H). 

Carbamate 456 (1.0 g, 3.43 mmol) was dissolved in 50 mL tetrahydrofuran, and the 
solution cooled to -78°C. n-Butyllithium (2.5 M in hexane, 2.1 mL, 3.43 mmol) was added 
slowly, and the mixture allowed to stir for 45 min at -78''C. R-Glycidyl butyrate (0.5 mL, 3.5 
mmol) was added, and the mixture was stirred for 1 h at -78°C. The bath was removed and the 

15 reaction allowed to stir overnight at room temperature. The reaction was quenched with 10 mL 
satm^ated ammonium chloride solution, and partitioned with ethyl acetate and water. The 
aqueous layer was extracted thrice with ethyl acetate, and the combined organic layer was 
washed with brine, dried (Na2S04), and evaporated to yield alcohol 457 (0.5 g, 63% yield) of 
suitable pxnrity for use in subsequent reactions. Data for 457: ^HNMR (300 MHz, CDCI3): 5 

20 7.49 (s, IH), 7.35 (m,lH), 6.84 (d, J= 5 Hz, IH), 4.71 (m, IH), 3.95 ( m, 2H). 

Alcohol 457 (0.5 g, 1.94 nunol) was dissolved in 5 mL methylene chloride, and the 
mixture cooled to 0°C. Triethylamine (0.54 mL, 3.88 mmol) was added, followed by 
methanesulfonyl chloride (0.2 mL, 2.72 mmol). The mixture was allowed to warm to room 
temperature and stirred for 1 hr. Methylene chloride (10 mL) was added, and the mixture 
25 washed twice with IN HCl, then twice with 1 0% aqueous sodium carbonate, and then brine. The 
organic phase was dried (Na2S04), and evaporated to yield mesylate 458 (0.60 g, 92% yield). 

A solution of mesylate 458 (0.60 g, 1.79 mmol) in dimethylformamide (5 mL) was 
treated with sodium azide (0.46 g, 7.15 mmol) and the mixture heated to 80°C for 5 h. The 
reaction mixture was cooled to room temperature, diluted with ethyl acetate (50 mL), and 
30 washed with brine (2 x 50 mL). Drying (Na2S04), and evaporation provided azide 459 (0.45 g, 
90% yield) as a yellow solid of suitable purity for use in subsequent reactions. Data for 459: 



315 



wo 2004/029066 PCT/US2003/030478 

^HNMR (300 MHz, CDCI3): 5 7.50 (s, IH), 7.35 (dd, J= 2, 5 Hz, IH), 6.87 (d, J= 9 Hz, IH), 
4.75 (m, IH), 4.0 (t, J= 9 Hz, IH), 3.75 (dd, J= 9, 13 Hz, IH), 3.52 (dd, J= 5, 13 Hz, IH). 



Synthesis of triazole 385 

A solution of but-3-ynyl-methyl-ainino azithromycin 173 (100 mg, 0.127 mmol) in 
5 tetrahydrofuran (5 mL) was treated with azide 459 (53.0 mg, 0.19 mmol), N,N- 

diisopropylethylamine (0.026 mL, 0.15 mmol) and copper (I) iodide (0.018 g, 0.095 mmol), and 
the naixture was stirred under argon at room temperature for 16 h. The reaction mixture was 
diluted with ethyl acetate (50 mL), and washed with brine (2 x 50 mL). The organic phase was 
dried and evaporated. The residue was purified by preparative thin layer chromatography (using 
10 80% CH2CI2, 20% MeOH, 1 % NH4OH as eluant) to provide triazole 385 (64 mg, 50% yield) as 
a white solid. Data for 385: ^HNMR (300 MHz, CDCI3, partial): 5 7.60 (s, IH), 7.40 (s, IH), 
7.10 (s, IH), 6.80 (d, J= 3 Hz, IH), 4.95 (m, IH), 4.60 (m, IH), 4.40 (m, IH), 4.20 (m, IH), 4.0 
(m, IH), 3.50 (m, IH), 3.20 (s, 2H). 

Synthesis of triazoles 386-389 

1 5 The azides required for the synthesis of triazoles 386-389 were synthesized from the 

appropriate amines using the chemistry reported in the literature (Brickner, S.J. et al. J. Med. 
Chem. 1996, 39, 673). The azides were treated with alkyne 173, using the conditions reported 
above for the synthesis of triazole 385, to afford the targets 386-389. 

Data for 386: ^H-NMR (300 MHz, CDCI3, partial): 6 7.50 (s, IH), 5.0 (s, IH), 4.80 (m, 
20 IH), 4.60 (m, 2H), 4.47 (m, 2H), 3.98-4.20 (m, 5H), 3.60 (m, 2H), 3.25 (d, J= 6 Hz, 3H), 2.20 
(m, 3H). 

Data for 387: ^H-NMR (300 MHz, CDCI3, partial): 6 7.46 (s, IH), 7.37 (d, J= 2 Hz, 
2H), 7.20 (m, 2H), 5.10 (s, IH), 5.00 (m, 2H), 4.70 (m, 2H), 4.45 (d, J= 3 Hz, IH), 4.20 (s, IH), 
4.15 (m, 3H). 

25 Data for 388: ^H-NMR (300 MHz, CDCI3, partial): 5 9.0 (s, IH), 7.50 (m, 4H), 5.0 (m, 

2H), 4.70 (m, 3H), 4.30 (d, J= 2 Hz, IH), 4.20 (s, IH), 4.10 (m, IH), 4.0 (m, IH), 3.98 (m, IH), 
3.60 (m, 2H), 3.20 (m, 3H), 2.98 (t, J= 1 Hz, IH). 

Data for 389: ^H-NMR (300 MHz, CDCI3, partial): 5 9.20 (s, IH), 7.50 (s, IH), 7.30 (m, 
2H), 6.80 (m, IH), 5.10 (d, J= 5 Hz, IH), 4.98 (m, IH), 4.80 (d, J= 3 Hz, IH), 4.60 (m, 2H), 
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4.30 (4 J= 2 Hz, IH), 4.20 (s, IH), 4.0 (m, 2H), 3.80 (s, 3H), 3.60 (m, 2H), 3.27 (s, 3HX 3.11 
(appt, J=7Hz, IH). 

Example 52 - Synthesis of Triazole 390 

Scheme 74 depicts the synthesis of triazole 390. The cycloaddition of dibromo 
5 hydroxyformimine aad allyl alcohol provided bromo isoxazoline 460 which was then converted 
into alcohol 461. The alcohol of 461 was transformed to the azide 462 which underwent 
cycloaddition to alkyne 173 to afford triazole 390. 

Scheme 74 

NOH .^^^^^^^ Br—f^'^p '^'^"--^OH P~^^ 9 1) MsCl P^^^P 173, Cul 

II *- ^OH ■ / — ^ — S«^OH / — ^ ^-^V/Na *■ 390 

Br-^Br NaHCOg ^"L"' "^"^^^ ^ ^^^^ ^ 

460 461 462 

1 0 Synthesis of isoxazoline 460 

A mixture of dibromo hydroxyformimine (1 4.93 mmol), allyl alcohol (1.68 mL, 24.7 
mmol), NaHCOs (1.58 18.7 mmol) in 1.5 mL water aad 18 mL ethyl acetate was stirred over 
night at room temperature. The mixture was then poured into 20 mL of water and extracted 
AAdth ethyl acetate (2 x 20 mL). The combined organic extract was washed with brine (10 mL), 
15 dried (Na2S04) and evaporated, yielding 460 (828 mg, 93%). Data for 460: ^HNMR (300 MHz, 
CDCI3): 5 4.80-4.65 (m, IH), 3.85-3.74 (m, IH), 3.61-3.52 (m, IH), 3.22-3.05 (m, 2H), 1.95- 
1.75 (brs, IH). 

Synthesis of alcohol 461 

To a solution of 1-butanol (5.1 mL, 55.6 mmol) in 25 mL DMSO was added a 2.5 M n- 
20 BuLi solution in hexanes (3.9 mL, 9.72 mmol). The mixture was stirred at room temperature for 
20 mm, then a solution of 460 (500 mg, 2.78 mmol) hi 2 mL DMSO was added. The mixture 
was stirred at room temperature for 3 h, poured into 50 mL water/ice and extracted with ethyl 
acetate (3 x 40 mL). The combined organic extract was washed with water (4 x 20 mL), brine 
(20 mL), dried (Na2S04) and evaporated. The residue was purified by flash-chromatography 
25 (eluant: hexanes-ethyl acetate 2:1) yielding 461 (165 mg, 34%). Data for 461: ^HNMR (300 
MHz, CDCI3): 8 4.69-4.60 (m, IH), 4,09-4.00 (m, 2H), 3.78-3.69 (m, IH), 3.59-3.51 (m, IH), 
2.99-2.78 (m, 2H), 1.68-1.55 (m, 2H), 1.40-1.25 (m, 2H), 0.90-0.82 (m, 3H). 
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To a solution of 461 (165 mg, 0.95 mmol) in 3 mL dichloromethane was added EtsN 
(0.24 mL, 1.72 mmol) followed by MsCl (0.089 mL, 1.14 mmol) at 0*=*C. The mixture was 
stirred at 0°C for 1 h, poured into 10 mL water/ice and extracted with dichloromethane (2x10 

5 mL). The combined organic extract was washed with water (2x10 mL), brine (10 mL), dried 
(Na2S04) and evaporated. The residue was dissolved in 3 mL DMF, NaNs (124 mg, 1.91 mmol) 
was added, and the mixture was stirred at 80°C for 2 h. The mixture was poured into 10 mL 
water/ice and extracted with ethyl acetate (2x10 mL). The combined organic extract was 
washed with water (2x10 mL), brine (10 mL), dried (Na2S04) and evaporated. The residue was 

10 purified by flash-chromatography (eluant: hexanes-ethyl acetate 3:1) yielding 462 (155 mg, 

82%). Data for 462: ^HNMR (300 MHz, CDCI3): 5 4.98-4.85 (m, IH), 4.31-4.25 (m, 2H), 3.72- 
3.51 (m, 2H), 3.25-3.15 (m, IH), 3.05-2.91 (m, IH), 1.92-1.81 (m, 2H), 1.62-1.50 (m, 2H), 1.15- 
1.05 (m, 3H). 

Synthesis of triazole 390 

15 To a solution of alkyne 173 (150 mg, 0.191 mmol) in 6 mL acetonitrile was added 462 

(37.8 mg, 0.191 mmol), 2,6-lutidine ( 0.025 mL, 0.209 mmol) and Cul (18.2 mg, 0.095 mmol). 
The mixture was stirred over night at room temperature, then poured into 10 mL 5% aqueous 

NHs/ice and extracted with CH2CI2 / isopropanol 95:5 (3 x 20 mL). The combined organic 
extract was washed with brine (10 mL), dried (Na2S04) and evaporated. The residue was 
20 purified by flash-chromatography (eluant: ethyl acetate-MeOH 5:1) yielding 390 (131 mg, 70%). 
Data for 390: MS (ESI) m/z 985 (M+H)""; ^HNMR (300 MHz, CDCI3, partial): 5 8.25-8.05 (br s, 
IH) 7.66 (s, IH), 5.12-4.90 (m, 3H). 

Example 53 - Synthesis of Triazoles 391-393 

Scheme 75 depicts the synthesis of triazole 391. The oxime of 2,4-dichlorobenzaldehyde 
25 was converted to hydroxyiminoyl chloride 464 prior to cycloaddition to alcohol 465. 

Conversion of alcohol 465 to azide 466 and final cycloaddition to alkyne 173 afforded triazole 
391. Triazoles 392 and 393 were synthesized in tlie same manner as compound 391. 
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Scheme 75 
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Synthesis of oxime 463 

To a suspension of 2,4-dichlorobenzenecarboxaldehyde (7.73 g, 44.2 mmol) in 100 mL 
5 95% aqueous EtOH was added HCl-HaNOH (3.69 53.0 mmol) followed by a solution of 
NaOH (2.3 g, 57.4 mmol) in 4 mL of water at 0°C. The suspension was stirred at room 
temperature overnight, poured into 300 mL ice/water and extracted with ethyl acetate (2 x 100 
mL). The combined organic extract was washed with water (2 x 80 mL), brine (80 mL), dried 
(Na2S04) and evaporated yielding 463 (8.2 g, 97%). Data for 463: ^HNMR (300 MHz, CDCI3): 
10 6 8.52 (s, IH), 7.80-8.75 (m, IH), 7.43-7.40 (m, IH), 7.29-7.20 (m, IH). 

Synthesis of hydroxyiminoyl chloride 464 

To a solution of 463 (7.0 g, 36.8 mmol) in 30 mL DMF was added in portions N- 
chlorosuccinimide (5.4 g, 40.5 mmol) at 20-30°C. The mixture was stirred at room temperature 
for Ih, then poured into 200 mL ice/water and extracted with ethyl acetate (2 x 100 mL). The 
15 combined organic extract was washed with water (3 x 80 mL), brine (80 mL), dried (Na2S04) 
and evaporated yielding 464 (7.1 g, 86%). Data for 464: ^HNMR (300 MHz, CDCI3): 8 8.64 (s, 
IH), 7.38-7.15 (m,3H). 

Synthesis of alcohol 465 

To a solution of allyl alcohol (1.33 mL, 19.6 mmol) in 58 mL CHCI3 was added a IM 
20 diethylzinc solution in hexanes (23.2 mL, 23.2 mmol) at -5 to 0°C. After stirring for 10 min, (+)- 
diisopropyl tartrate (0.75 mL, 3.56 mmol) was added and the solution was stirred for 1 h at O^C. 
The milky solution was cooled to -20°C and 14 mL CHCI3 and dioxane (1.97 mL, 23.2 mmol) 
was added. Then 464 (4.00 g, 17.8 mmol) was added in portions at -20 to -15°C. The solution 
was stirred for 4 h at -lO^C, then poured into 200 mL IM citric acid/ice and extracted with 
25 CHCI3 (3 x 100 mL). The combined organic extract was washed with brine (80 mL), dried 
(Na2S04) and evaporated. The residue was purified by flash-chromatography (eluant: ethyl 
acetate-hexanes 2:3), yielding crude 465, which was recrystallized firom 1-chlorobutane, yielding 
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piore 465 (2.6 g, 60%). Data for 465: ^HNMR (300 MHz, CDCI3,): S 7.76 (d, J= 5 Hz, IH), 
7.61 (s, IH), 7.49-7.42 (m, IH), 5.10-5.01 (m, IH), 4.07 (dd, J= 3, 12 Hz, IH), 4.03 (dd, J= 3, 
12 Hz, IH), 3.73-3.52 (m, 2H), 2.18 (br s, IH). 

Synthesis of azide 466 

5 To a solution of 465 (1 .0 g, 4. 1 mmol) in 20 mL dichloromethane was added EtsN (1 .0 

mL, 7.3 mmol) followed by MsCl (0.37 mL, 4.9 mmol) at 0°C. The mixture was stirred at 0°C 
for 1 h, poured into 50 mL water/ice and extracted with dichloromethane (2 x 40 mL). The 
combined organic extract was washed with water (2 x 20 mL), brine (20 mL), dried (Na2S04) 
and evaporated. The residue was dissolved in 17 mL DMF, NaNs ( 0.53 g, 8.1 mmol) was 

10 added, and the mixture was stirred at 80°C for 2 h. The mixture was poured into 50 mL 
water/ice and extracted with ethyl acetate (2 x 50 mL). The combined organic extract was 
washed with water (3 x 20 mL), brine (20 mL), dried (Na2S04) and evaporated. The residue was 
purified by flash-chromatography (eluant: hexanes-ethyl acetate 2:3) yielding 466 (1.1 g, 98%). 
Data for 466: ^HNMR (300 MHz, CDCI3,): 5 7.65 (d, J= 8 Hz, IH), 7.61 (d, J= 1 Hz, IH), 

15 (m, IH), 4.90-4.82 (m, IH), 3.61-3.21 (m, 4H). 

Synthesis of triazole 391 

To a solution of alkyne 173 (150 mg, 0.191 mmol) in 6 mL acetonitrile was added azide 
466 (52 mg, 0.191 mmol), 2,6-lutidme ( 0.025 mL, 0.209 mmol) and Cul (18.2 mg, 0.095 
mmol). The mixture was stirred overnight at room temperature, poured into 10 mL 5% aqueous 
20 NHs/ice and extracted with CHiCWisopropanol 95:5 (3 x 20 mL). The combined organic extract 
was washed witli brine (10 mL), dried (Na2S04) and evaporated. The residue was purified by 
flash-cliromatography (eluant: ethyl acetate-MeOH 5:1) yielding 391 (157 mg, 78%). Data for 
391: MS (ESI) m/z 1057 (M+H)"^; ^HNMR (300 MHz, CDCI3, partial): 8 8.30-8.10 (br s, IH), 
7.52 (s, IH), 7.39-7.20 (m, 3H), 5.15-5-02 (m, IH). 

25 Synthesis of triazole 392 

To a suspension of 4-chloro-3-fluorobenzaldehyde (5.00 g, 31.5 mmol) in 90 mL 95% 
aqueous EtOH was added HCrH2NOH (2.63 g, 37.8 mmol) followed by a solution of NaOH 
(1 .90 g, 47.3 mmol) in 3 mL of water at 0°C. The suspension was stirred at room temperature 
for 3 h, then poured into 200 mL ice/water and extracted with ethyl acetate (2 x 100 mL). The 
30 combined organic extract was washed with water (2 x 80 mL), brine (80 mL), dried (Na2S04) 
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and evaporated. The residue was dissolved in 25 mL DMF and N-chlorosuccinimide (4.23 g, 
34.7 mmol) was added in portions at 30-40°C. The mixture was stirred at room temperature for 
1 h, then poured into 200 mL ice/water and extracted with ethyl acetate (2 x 100 mL). The 

combined organic extract was washed with water (3 x 80 mL), brine (80 mL), dried (Na2S04) 
5 and evaporated yielding the hydroxyiminoyl chloride (3.71 g., 62%). Data: ^HNMR (300 MHz, 
CDCI3,): 8 8.15 (s, IH), 7.60-7.51 (m, 2H), 7.41-7.32 (m, IH). 

To a solution of allyl alcohol (1.16 mL, 17.0 mmol) in 50 mL CHCI3 at -5 to O^^C was 
added a IM diethylzinc solution in hexanes (20.1 mL, 20.1 mmol). After stirring for 10 min, 
(+)-diisopropyl tartrate (0.65 mL, 3.09 mmol) was added and the solution was stirred for 1 h at 

10 O^'C. The milky solution was cooled to -20''C and 12 mL CHCI3 and dioxane (1.70 mL, 20.1 
mmol) was added. Then the above hydroxyiminoyl chloride (3.21 g, 15.4 mmol) was added in 
portions at -20 to -15°C. The solution was stirred for 3 h at -15^C, then poured into 200 mL IM 
citric acid/ice and extracted with CHCI3 (3 x 100 mL). The combined organic extract was 
washed with brine (80 mL), dried (Na2S04) and evaporated. The residue was purified by flash- 

1 5 chromatography (eluant: ethyl acetate-hexanes 1 :2 and 1 :2), yielding crude material which was 
recrystallized twice from 1-chlorobutane, yielding tiie expected isoxazoline alcohol (1.5 g, 42%). 
Data: ^HNMR (300 MHz, CDCI3,): 5 7.48-7.21 (m, 3H), 4.82-4-74 (m, IH), 3.82-3.76 (m, IH), 
3.58-3.53 (m, IH), 3.27-3.09 (m, 2H). * 

To a solution of the above alcohol (1 .0 g, 4.4 mmol) in 20 mL dichloromethane was 
20 added EtsN (1.1 mL, 7.8 mmol) followed by MsCl (0.41 mL, 5.2 mmol) at 0°C. The mixture 
was stirred at 0°C for Ih, then poured into 50 mL water/ice and extracted with dichloromethane 
(2 X 40 mL). The combined organic extract was washed with water (2 x 20 mL), brine (20 mL), 

dried (Na2S04) and evaporated. The residue was dissolved in 15 mL DMF, NaNs (0.57 g, 8.7 
mmol) was added and the mixture was stirred at 80°C for 2 h. The mixture was poxired into 50 
25 mL water/ice and extracted with ethyl acetate (2x50 mL). The combined organic extract was 
washed with water (3 x 20 mL), brine (20 mL), dried (Na2S04) and evaporated. The residue was 
purified by flash-chromatography (eluant: hexanes-ethyl acetate 2:3) yielding the expected azide 
(1.1 g, 95%). Data: ^HNMR (300 MHz, CDCI3,): 5 7.43-7.29 (m, 3H), 4.93-4.84 (m, IH), 3.54- 
3.27 (m, 3H), 3.18-3.30 (m, IH). 

30 To a solution of alkyne 173 (150 mg, 0.191 mmol) in 6 mL acetonitrile was added the 

above azide (49.5 mg, 0.191 mmol), 2,6-lutidine (0.0245 mL, 0.209 mmol) and Cul (18.2 mg, 
0.095 mmol). The mixture was stirred overnight at room temperature, poured into 10 mL 5% 
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aqueous NHs/ice and extracted with CHiCla/isopropanol 95:5 (3 x 20 mL). The combined 
organic extract was washed with brine (10 mL), dried (Na2S04) and evaporated. The residue 
was purified by flash-chromatography (eluant: ethyl acetate-MeOH 5:1) yielding 392 (138 mg, 
70%). Data for 392: MS (ESI) m/z 1042 (M+H)"*"; ^HNMR (300 MHz, CDCI3. partial): 8 8.45- 
5 8.32 (br s, IH), 7.28-7.19 (m, 2H), 7.13-7.10 (m, IH), 5.05-4.82 (m, 2H). 

Synthesis of triazole 393 

To a solution of alkyne 173 (150 mg, 0.191 mmol) in 6 mL acetonitrile was added azide 
342 (45.4 mg, 0.191 nrniol), 2,6-lutidine ( 0.025 mL, 0.209 mmol) and Cul (18.2 mg, 0.095 
mmol). The mixture was stirred overnight at room temperature, then poured into 10 mL 5% 
10 aqueous NHs/ice and extracted with CH2Cl2/isopropanol 95:5 (3 x 20 mL). The combined 
organic extract was washed with brine (10 mL), dried (IS[a2S04) and evaporated. The residue 
was purified by flash-chromatography (eluant: ethyl acetate-MeOH 5:1) yielding 393 (118 mg, 
60%). Data for 393: MS (ESI) m/z 1025 (M+H)""; ^HNMR (300 MHz, CDCI3, partial): 5 8.00 
(br s, IH), 7.52 (m, 3 H), 5.11-4.95 (m, IH), 4.95-4.82 (m, 2H). 

1 5 Example 54 - Synthesis of Triazoles 394-403 

Scheme 76 depicts the synthesis of azides 469, 482-487, 489, 491, and 495 required for 
Hie synthesis of triazoles 394-403. The azides were then treated with alkyne 173 to afford the 
final targets. 
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Scheme 76 
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Synthesis of hydroxyiminoyl chloride 467 

To a solution of 3-formyl-6-fluoropyridine (1.77 g, 9.36 mmol) in EtOH (10 mL) at 0°C 
5 was added water (5 mL), then hydroxylamine (1 .00 g, 14.0 mmol), followed by the addition of 
NaOH (2.20 mL, 50%w/w). The mixture was stirred at 0°C for 15 min. The EtOH was 

evaporated, then EtOAc (50 mL) was added. HCl (1 M) was used to the adjust pH to 6. The 
aqueous phase was extracted with EtOAc (30 mL x 2), and the organic extracts were dried by 
Na2S04. The concentrated residue (1.50 g) was used in the next step without further 
10 purification. 

To a solution of the crude intermediate above (1.50 g, in DMF (20 mL) at room 
temperature was added N-chlorosuccinimide (1.80 g, 13.1 mmol) in two portions. The mixture 
was stirred at 45-50''C for 1 h, then brine (50 mL) and saturated aqueous NaiCOs (3 mL) was 
added. The mixture was extracted with EtOAc/Hexane (200 mL, 1/1). The organic layer was 
15 washed by brine (200 mL), dried by MgS04, to give hydroximinoyl chloride 467 (1 .45 g, 60% 
yield). Data for 467: ^HNMR (300 MHz, CDCI3): 6 8.72 (d, J= 3 Hz, IH), 8.45 (s, IH), 8.30- 
8.20 (m, IH), 7.00 (dd, J= 9, 3 Hz, IH). 
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These hydroxyiminoyl chlorides were synthesized from the appropriate aryl aldehyde 
using the above procedvire for the synthesis of 467. 

Data for 470: ^HNMR (300 MHz, CDCI3): 8 9.27 (s, IH), 8.86 (d, J= 3 Hz, IH), 7.90- 
5 7.70 (m, IH), 7.54 (d, J= 8 Hz, IH). 

Data for 471: ^HNMR (300 MHz, CDCI3): 6 8.16 (s, IH), 7.94 (d, J= 8 Hz, 2H), 7.67 
(d, J=8Hz,2H). 

Data for 472: 'HNMR (300 MHz, CDCI3): 5 8.53 (s, IH), 8.02 (d, J= 8 Hz, IH), 7.70 
(d, 8 Hz, IH), 7.56 (d, J= 8 Hz, IH). 

10 Data for 475: ^HNMR (300 MHz, CDCI3): 5 8.08 (s, IH), 7.58-7.22 (m, IH). 

Synthesis of alcohol 468 

To a solution of allyl alcohol (661 |aL, 9.62 mmol) in CHCI3 (30 mL) at 0°C was added 
diethylzinc (12.03 mL, 12.03 mmol). After the mixture was stirred at 0°C for 15 min, (+)- 
diisopropyl tartrate (855 jiL, 4.01 mmol) in CHCI3 (5.0 mL) was added. The mixture was stkred 

1 5 at 0°C for 1 h, then hydroximinoyl chloride 467 (1 .40 g, 8.02 mmol) in CHCI3 (10.0 mL) was 
added dropwise over 10 min. The mixture was stirred at 0°C for 2 h, then sat. aqueous NH4CI 
(20 mL) and citric acid (6 mL, 1 M) was added. The mixture was extracted with CH2CI2 (50 
mL X 4), and the organic extracts were dried by Na2S04. The residue was puriifed by flash- 
chromatography (eluant: 2.5/100 MeOH/CHiCb), to provide 468 (1.40 g, 89% yield; >95%ee). 

20 Data for 468: 'HNMR (300 MHz, CDCI3): 5 8.39 (d, J= 3 Hz, IH), 8.25-8.15 (m, IH), 7.00 (dd, 
J= 9, 3 Hz, IH), 4.98-4.88 (m, IH), 3.94 (dd, J= 12, 3 Hz, IH), 3.72 (dd, J= 12, 4 Hz, IH), 
3.69-3.25 (m,2H). 

Synthesis of alcohols 476-481 

These alcohols were synthesized from the appropriate hydroxyiminoyl chlorides using 
25 the above procedure for the synthesis of 468. 

Data for 476: ^HNMR (300 MHz, CDCI3): 6 8.54 (d, J= 3 Hz, IH), 7.92 (dd, J= 1 1, 3 
Hz, IH), 7.55 (d, J= 8 Hz, IH), 4.99-4.90 (m, IH), 3.94 (dd, J= 12, 3 Hz, IH), 3.71 (dd, J= 12, 
4 Hz, IH), 3.47-3.93 (m, 2H). 



324 



wo 2004/029066 PCT/US2003/030478 

Data for 477: ^HNMR (300 MHz, CDCI3): 5 7.77 (d, J= 8 Hz, 2H), 7.65 (d, J= 8 Hz, 
2H), 4.93 (dddd, J= 13, 8, 4, 3 Hz, IH), 3.93 (dd, J= 13, 3 Hz, IH), 3.70 (dd, J= 13, 4 Hz, IH), 
3.40 (dd, J= 17, 1 1 Hz, IH), 3.32 (dd, J= 17, 8 Hz, IH). 

Data for 478: *HNMR (300 MHz, CDCI3): 8 7.87 (d, J= 8 Hz, IH), 7.84 (d, J= 8 Hz, 
5 IH), 7.65 (d, J= 8 Hz, IH), 7.52 (d, J= 8 Hz, IH), 4.93 (dddd, J= 13, 8, 3, 3 Hz, IH), 3.92 (dd, 
7= 13, 3 Hz, IH), 3.70 (dd, J= 13, 4 Hz, IH), 3.43 (dd, J= 11, 7 Hz, IH), 3.33 (dd, J= 11, 8 
Hz, IH). 

Data for 479: ^HNMR (300 MHz, CDCI3): 8 7.76 (d, J= 7 Hz, 2H), 7.31 (d, J= 7 Hz, 
2H), 4.96 (dddd, J= 13, 8, 4, 3 Hz, IH), 3.96 (dd, J= 12, 3 Hz, IH), 3.75 (dd, J= 12, 5Hz), 3.44 
10 (dd, J= 17, 10 Hz, IH), 3.34 (dd, J= 17, 8 Hz, IH). 

Data for 480: ^HNMR (300 MHz, CDCI3): 8 7.58 (d, J= 8 Hz, IH), 7.54 (s, IH), 7.44 
(d, J= 8 Hz, IH), 7.31-7.24 (m, IH), 4.92 (dddd, J= 12, 8, 4, 3 Hz, IH), 3.94 (dd, J= 5, 3 Hz, 
IH), 3.90 (dd, J= 5, 3 Hz, IH), 3.72 (dd, J= 8, 4 Hz, IH), 3.68 (dd, J= 8, 4 Hz, IH). 

Data for 481: ^HNMR (300 MHz, CDCI3): 8 7.27 (s, IH), 7.20 (s, IH), 4.83 (dddd, J= 
15 12, 8, 3, 3 Hz, IH), 3.87 (dd, J= 12, 3 Hz, IH), 3.67 (dd, J= 12, 4 Hz, IH), 3.37-3.17 (m, 2H). 

Synthesis of azide 469 

To a solution of alcohol 468 (700 mg, 3.57 mmol) in CH2CI2 (20 mL) at 0°C was added 
EtsN, followed by the addition of MsCl (416 |a,L, 5.35 mmol). The mixture was stirred at 0°C for 
30 min, then EtOAc (100 mL) was added, and the mizture was washed with brine (100 mL x 2), 
20 dried with MgS04, and evaporated to afford the crude mesylate (800 mg). 

A mixture of the above mesylate (800 mg, 3.57 mmol) and NaNa in DMF (15 mL) was 
stirred at 80°C for 3 h, then the mixture was poured into water (50 mL), extracted with Et20 (30 
mL x 3), dried with Na2S04, aad evaporated to afford azide 469 (540 mg, 68% yield). Data for 
469: ^HNMR (300 MHz, CDCI3): 8 8.39 (s, IH), 8.30-8.20 (m, IH), 7.03 (dd, J= 8, 3 Hz, IH), 
25 4.40-4.30 (m, IH), 3.60 (dd, J= 10, 5 Hz, IH), 3.55-3.35 (m, 2H), 3.25 (dd, J= 16, 7 Hz, IH). 

Synthesis of azides 482-487 

These azides were synthesized from Ihe appropriate alcohols using the above procedure 
for the synthesis of 469. 
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Data for 482: ^HNMR (300 MHz, CDCI3): 6 8.46 (d, J= 3 Hz, IH), 7.88 (dd, J= 9, 2 
Hz, IH), 7.49 (dd, J= 9, 2 Hz, IH), 5.00-4.80 (m, IH), 3.53 (dd, J= 10, 4 Hz, IH), 3.53-3.30 
(m, 2H), 3.16 (dd, J= 17, 7 Hz, IH). 

Data for 483: ^HNMR (300 MHz, CDCI3): 5 7.79 (d, J= 8 Hz, 2H), 7.68 (d, J= 8 Hz, 
5 2H), 5.13-5.02 (m, IH), 4.43 (dd, J= 1 1, 4 Hz, IH), 4.37 (dd, 11, 5 Hz, IH), 3.53 (dd, J= 

17, 11 Hz, IH), 3.33 (dd, J= 9, 7 Hz, IH). 

Data for 484: ^HNMR (300 MHz, CDCI3): 8 7.87 (dd, J= 9, 9 Hz, IH), 7.70 (d, J= 8 
Hz, IH), 7.56 (dd, J= 8, 8 Hz, IH), 5.13-5.02 (m, IH), 4.46-4.30 (m, 2H), 3.53 (dd, J= 17, 11 
Hz, IH), 3.36 (dd, J= 9, 7 Hz, IH). 

10 Data for 485: ^HNMR (300 MHz, CDCI3): 6 7.65 (d, J= 9 Hz, 2H), 7.19 (d, J= 8 Hz, 

2H), 4.93-4.85 (m, IH), 3.50 (dd, J= 13, 5 Hz, IH), 3.43-3.30 (m, 2H), 3.15 (dd, J= 13, 7 Hz, 
IH). 

Data for 486: ^HNMR (300 MHz, CDCI3): 8 7.67-750 (m, 4H), 4.94-4.84 (m, IH), 3.50 
(dd, J= 13, 5 Hz, IH), 3.45-3.25 (m, 2H), 3.20 (dd, 13, 7 Hz, IH). 

15 Data for 487: ^HNMR (300 MHz, CDCI3): 8 7.67-750 (m, 4H), 4.94-4.84 (m, IH), 3.50 

(dd, J= 13, 5 Hz, IH), 3.45-3.25 (m, 2H), 3.20 (dd, 13, 7 Hz, IH). 

Synthesis of alcohol 488 

A mixture of alcohol 348 (310 mg, 1.21 mmol), 3-(tributyl)stannylpyridme (446 mg, 1.21 
mmol), Pd(dppf)2Cl2 (59 mg, 0.072 mmol), copper (I) chloride (12 mg), lithium chloride (305 

20 mg, 7.20 mmol) in DMSO (3.0 mL) was degassed by argon and then was stirred at 60°C for 16 
h. The reaction was quenched by the addition of H2O (50 mL), NH4OH (0.2 mL), EtOAc (150 
mL) and CH2CI2 (20 mL). The mixture was passed through celite. The organic layer was 
washed with water (50 mL x 3), dried with Na2S04, and the residue was purified by flash- 
chromatography (eluant: MeOH/CHaCh, 2/100), to give 488 (265 mg). Data for 488: ^HNMR 

25 (300 MHz, CDCI3): 8 8.88 (s, IH), 8.63 (d, J= 4 Hz, IH), 7.92 (d, J= 8 Hz, IH), 7.89 (d, J= 8 
Hz, 2H), 7.64 (d, J= 8 Hz, IH), 7.41 (dd, J= 8, 5 Hz, IH), 4.92 (dddd, J= 12, 8, 3, 3 Hz, IH), 
3.92 (dd, J= 12, 3 Hz, IH), 3.72 (dd, J= 12, 5 Hz, IH), 3.44 (dd, J= 17, 1 1 Hz, IH), 3.33 (dd, J 
= 17, 8 Hz, IH). 
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The azide was synthesized using the same procedure as described above for the synthesis 
of azide 469. Data for 489: ^HNMR (300 MHz, CDCI3): 8 8,85 (s, IH), 8.60 (m, IH), 7.85 (d, J 
= 8 Hz, IH), 7,73 (d, J= 9 Hz, 2H), 7.58 (d, J- 9 Hz, 2H), 7.36 (s, IH), 4.96-4.84 (m, IH), 3.54 
5 (dd, J= 13, 5 Hz, IH), 3.45-3.35 (m, 2H), 3.20 (dd, J= 13, 7 Hz, IH). 

Synthesis of alcohol 490 

This compound was synthesized from alcohol 476 using the procedure described above 
for the synthesis of 488. Data for 490: ^HNMR (300 MHz, CDCI3): 5 9.17 (s, IH), 8.86 (d, J- 
2 Hz, IH), 8.62 (s, IH), 8.30 (d, J= 8 Hz, IH), 8.08 (dd, J= 8, 2 Hz, IH), 7.76 (d, J= 8 Hz, IH), 
10 7.37 (dd, J= 8, 5 Hz, IH), 4.93-4.84 (m IH), 3.88 (d, J= 10 Hz, IH), 3.66 (d, J= 10 Hz, IH), 
3.44-3.20 (m, 2H). 

Synthesis of azide 491 

This azide was synthesized from alcohol 490 using the same procedure described above 
for the synthesis of azide 469. Data for 491: ^HNMR (300 MHz, CDCI3): 5 8.82 (s, IH), 8.30- 
15 8.20 (m, 2H), 8.28-8.18 (m, 2H), 7.76 (d, J= 9 Hz, IH), 7.40 (s, IH), 4.96-4.86 (m, IH), 3.59- 
3.20 (m, 4H), 3.20 (dd, J= 13, 7 Hz, IH). 

Synthesis of silylether 493 

To a solution of alcohol 460 (360 mg, 2.00 mmol) in DMF (8.0 mL) at 0°C was added t- 
butyldimethylsilyl chloride (461 mg, 3.00 mmol), followed by the addition of imidazole (275 

20 mg, 4.0 mmol). The mixture was stirred at 0°C for 1 h and room temperature for 16 h. Water 

(50mL) was added^ and the mixture was extracted with 30% EtOAc in hexane (50 mL x 3). The 
organic phase was washed with water (50 mL x 2), dried by Na2S04, and evaporated. The 
residue was purified by flash-chromatography (eluant: EtOAc/hexane, 5/95), to afford 493 (580 
mg, 98% yield). Data for 493: ^HNMR (300 MHz, CDCI3, ppm): 5 4.70-4.61 (m, IH), 3.69 (dd, 

25 J= 1 1, 4 Hz, IH), 3.62 (dd, J= 1 1, 4 Hz, IH), 0.81 (s, 9H), 0.01 (s, 6H). 

Synthesis of azide 495 

Alcohol 348 (1.00 g, 3.90 rmnol) and PdCl2(dppf)2 (546 mg, 0.762 mmol) were dissolved 
in dioxane (1 1 mL) and hexamethylditin (1 .42 g, 4.30 mmol) was added. The mixture was 
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Stirred at 85*^0 for 16 h, then sat. aqueous NaHCOa (20 mL) was added, followed by EtOAc (20 
mL). The aqueous phase was extracted with EtOAc (40 mL x 3), and the organic phase was 
dried by Na2S04. The residue was purified by flash-chromatography (eluant: EtOAc/hexane, 
35/65) to afford stannane 492 (740 mg, 56% yield). Data for 492: ^HNMR (300 MHz, CDCI3): 
5 5 7.13 (d, J- 6 Hz, 2H), 7.05 (d, ^= 6 Hz, 2H), 4.70-4.60 (m, IH), 3.70-3.61 (m, 3H), 3.51-3.41 
(m, IH), 3.17 (dd, J= 17, 11 Hz, IH), 3.05 (dd, J= 17, 8 Hz, IH), L73 (dd, J= 8, 6 Hz, IH), 
0.09 (s, 9H). 

To a suspension of stannane 492 (340 mg, 1.00 nunol), bromide 493 (353 mg, 1 .20 
mmol) and lithium chloride (254 mg, 6.00 mmol) in DMSO (2.5 mL) was added PdCl2(dppf)2 

10 (49 mg, 0.06 mmol). The mixture was stirred at 70°C for 16 h, then water (50 mL) was added. 
The mixture was extracted with EtOAc (40 mL x 3), and the extracts were dried by Na2S04. The 
residue was purified by flash-chromatography (eluant: EtOAc/hexane, 35/65) to afford alcohol 
494 (21 mg, 63% yield). Data for 494: ^HNMR (300 MHz, CDCI3): 5 7.56 (d, J= 8 Hz, 2H), 
7.22 (d, J- 8 Hz, 2H), 4.90-4.81 (m, IH), 3.87 (dd, J= 16, 3 Hz, 3H), 3.68 (dd, J= 16, 5 Hz, 

15 IH), 3.38 (dd, J= 17, 8 Hz, IH), 3.25 (dd, J= 17, 8 Hz, IH), 2.38 (s, 3H). 

Azide 495 was synthesized from alcohol 494 using the same procedure described above 
for the synthesis of azide 469. Data for 495: ^HNMR (300 MHz, CDCI3): 8 7,50 (d, J= 8 Hz, 
2H), 7.15 (d, J= 8 Hz, 2H), 4.86-4.76 (m, IH), 3.45-3.30 (m, 3H), 3.13 (dd, J- 17, 7 Hz, IH). 

General procedure for the synthesis of triazoles 394-403 

20 To a mixture of alkyne 173 (100 mg, 0.127 mmol) and the appropriate azide (0.140 

mmol, 1.1 eq) in acetonitrile (4.0 mL) at room temperature under argon was added 2,6-lutidine 
(22 p,L, 0.191 nmiol, 1.1 eq), followed by addition of copper (I) iodide (12 mg, 0.064 mmol). 
The mixture was stirred at room temperature for 1 .5 to 6 h. After the reaction was complete, 1 
mL 5% NH4OH was added. The mixture was stirred at room temperature for 10 min. The 

25 reaction solvent (CH3CN) was removed under vacuum. The aqueous phase was extracted with 
CH2CI2 (30 mL X 3), and the organic phase was dried over Na2S04. The residue was separated 
by flash-chromatography (eluant: 20/80 to 30/70 MeOH/EtOAc) on silica gel to afford the 
desked product. 

Data for 394: MS (ESI) m/z 1008.4 (M)""; ^HNMR (300 MHz, CDCI3, partial): 5 8.37 (s, 
30 IH), 8.37-8.00 (m, IH), 7.60 (s, IH), 7.00 (dd, J= 9, 3 Hz, IH), 4.45 (d, J= 6 Hz, IH), 4.29 (br 
s, IH), 2.24 (s, 3H), 1.04 (d, J- 9 Hz, 3H). 
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Data for 395: MS (ESI) m/z 1070.2 (M)*; ^HNMR (300 MHz, CDCI3, partial): 5 8.45 (s, 
IH), 7.73 (dd, J= 4, 2 Hz, IH), 7.47 (d, /= 4Hz, IH), 4.45 (d, J= 6 Hz, IH), 4.29 (br s, IH), 

2.20 (s, 3H), 0.98 (d, J= 9 Hz, 3H). 

Data for 396: MS (ESI) tw/z 1043.7 (M)"^; ^HNMR (300 MHz, CDCI3, partial): 5 7.48 (s, 
5 IH), 7.16 (d, J= 7 Hz, 2H), 7.14 (d, J= 7 Hz, 2H), 4.36 (d, J= 7 Hz, IH), 4.22 (s, IH), 2.21 (s, 
3H), 0.96 (d, J= 8 Hz, 3H). 

Data for 397: MS (ESI) m/z 1073.8 {Mf; ^HNMR (300 MHz, CDCI3, partial): 5 7.64 (d, 
J= 8 Hz, 2H), 7.24 (4 J== 8 Hz, 2H), 4.40 (d, J= 9 Hz, IH), 4.28 (s, IH), 2.27 (s, 3H), 1.04 (d, J 
= 9 Hz, 3H). 

10 Data for 398: MS (ESI) m/z 1073.8 (Mf; *HNMR (300 MHz, CDCI3, partial): 5 7.53 (s, 

IH), 7.43-7.34 (m, 3H), 7.22 (s, IH), 4.36 (d, J= 7 Hz, IH), 4.21 (s, IH), 2.20 (s, 3H), 0.96 (d, J 
= 8 Hz, 3H). 

Data for 399: MS (ESI) m/z 1057.8 (M)""; ^HNMR (300 MHz, CDCI3, partial): 8 7.64 (d, 
J= 8 Hz, 2H), 7.58 (d, J= 8 Hz, IH), 7.51 (br s, IH), 4.55 (t, J= 5 Hz, 2H), 4.36 (d, J= 10 Hz, 
15 IH), 4.21 (s, IH), 2.25 (s, 3H), 0.95 (d, J= 8 Hz, 3H). 

Data for 400: MS (ESI) m/z 1057.8 (M)""; ^HNMR (300 MHz, CDCI3, partial): 6 7.78 (s, 
IH), 7.70 (d, J= 8 Hz, IH), 7.60 (d, J= 8 Hz, IH), 7.53-7.44 (m, 2H), 4.46 (d, J= 7 Hz, IH), 

4.21 (s, IH), 2.20 (s, 3H), 0.96 (d, J= 8 Hz, 3H). 

Data for 401: MS (ESI) m/z 1003.8 (M)""; 'HNMR (300 MHz, CDCI3, partial): 5 7.60 (s, 
20 IH), 7.48 (d, J= 8 Hz, 2H), 7. 19 (d, J= 8 Hz, 2H), 4.43 (d, J= 7 Hz, IH), 4.22 (s, IH), 2.27 (s, 
3H), 1.04(d, J=8Hz,3H). 

Data for 402: MS (ESI) m/z 1066.9 (M)"^; ^HNMR (300 MHz, CDCI3, partial): 5 8.79 (s, 
IH), 8.56 (d, J= 4 Hz, IH), 7.82 (dt, J= 8, 2 Hz, IH), 7.65 (d, J= 8 Hz, 2H), 7.56 (d, J= 8 Hz, 
2H), 7.53 (s, IH), 7.33 (dd, J"= 8, 4 Hz, IH), 4.37 (d, J= 7 Hz, IH), 4.21 (s, IH), 2.20 (s, 3H), 
25 0.97(d, J=8Hz,3H). 

Data for 403: MS (EST) m/z 1067.8 (M)+; ^HNMR (300 MHz, CDCI3, partial): 5 9.16 (s, 
IH), 8.62 (d, J= 4 Hz, IH), 7.82 (dt, J= 8, 2 Hz, IH), 7.96 (dd, J= 6, 2 Hz, IH), 7.74 (d, J= 8 
Hz, IH), 7.51 (s, IH), 7.37 (dd, J= 8, 5 Hz, IH), 4.36 (d, J= 7 Hz, IH), 4.21 (s, IH), 2.20 (s, 
3H), 0.96(d,J=8Hz,3H). 
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Example 55 - Synthesis of Triazoles 404 and 405 
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Synthesis of azide 404 

This compound (189 mg) was synthesized from alkyne 174 (150 mg, 0.187 mmol) and 
azide 349 (58 mg, 0.206 mmol) using the same procedure described above for the synthesis of 
5 triazole 361. Data for 404: MS (ESI) m/z 542 (M+2H)2"^; NMR (300 MHz, CDCI3, partial): 
8 7.53-7.50 (m, 3H), 7.45-7.42 (m, 2H), 5.17-5.11 (m, IH), 5.08 (d, J= 4 Hz, IH), 4.69-4.66 (m, 
IH), 4.61 (t, J= 5 Hz, 2H), 4.45 (d, J= 7 Hz, IH), 3.33 (s, 3H), 3.03 (t, J= 9 Hz, IH), 2.21 (t, J 
= 5Hz,4H), 0.89 (m,6H). 

Synthesis of azide 405 

10 This compound (175 mg) was made from alkyne 174 (150 mg, 0.187 mmol) and azide 

503 (49 mg, 0.206 mmol; see Example 58 for the synthesis of 503) using the same procedure 
described above for the synthesis of triazole 361. Data for 405: MS (ESI) m/z 520.5 (M+2H)^^; 
^H NMR (300 MHz, CDCI3, partial): 5 7.49 (s, IH), 7.12-7.05 (m, 2H), 6.91-6.82 (m, IH), 5.21- 
5.13 (m, IH), 5.12 (d, J= 5 Hz, IH), 4.61 (t, J= 4 Hz, 2H), 4.44 (d, J= 7 Hz, IH), 4.29 (br d, J 

15 = 3 Hz, IH), 4.13-4.03 (m, IH), 3.69 (d, J= 6 Hz, IH), 3.65 (d, J= 7 Hz, IH), 3.03 (t, J= 10 Hz, 
IH), 0.91-0.87 (m, 6H). 

Example 56 - Synthesis of Triazoles 406-409 

These triazoles were synthesized using the procedure described above for the synthesis of 
triazole 228. 

20 Synthesis of triazole 406 

Alkyne 174 (70 mg, 86 ^imol), azide 355 (39 mg, 129 |xmol), and Cul (2 mg, 8 |jmol) 
afforded triazole 406 as a white solid (94.1 mg, 83 |amol). Data for 406: MS (ESI) miz 568 (M + 
2H)^''; ^HNMR (300 MHz, CDCI3, partial): 5 9.46 (br s, IH), 7.69-7.53 (m, 8H), 7.44 (s, IH), 
5.20-5.04 (m, 3H), 4.70-4.58 (m, 2H), 4.41 (d, J= 6 Hz, IH), 4.20 (br s, IH), 4.12-4.00 (m, IH), 
25 3.61 (d, J = 3 Hz, IH), 3.56 (d, J = 7 Hz, IH), 3.33 (s, 3H), 3.05-2.93 (m, 2H), 2.29 (s, 3H), 2.18 
(s, 3H), 2.10 (d, J= 9 Hz, IH), 1.34-1.14 (m, 17H), 0.91-0.84 (m, 6H): ^^CNMR (75 MHz, 
CDCI3): 5 178.9, 156.3, 148.4, 144.4, 141.0, 132.7, 128.9, 127.6, 127.5, 127.4, 122.3, 118.6, 
111.6, 102.9, 94.5, 83.3, 79.2, 78.2, 77.7, 74.2, 73.7, 73.0, 70.6, 70.1, 68.8, 65.9, 65.5, 62.4, 
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53.1, 52.4, 49.5, 45.3, 42.3, 37.4, 36.8, 36.2, 34.7, 29.6, 27.8, 27.6, 26.9, 26.8, 25.4, 22.0, 21.6, 
21.3, 21.2, 18.2, 16.2, 14.5, 11.2, 8.8, 7.9. 



Synthesis of triazole 407 

Alkyne 174 (70 mg, 86 nmol), azide 349 (36 mg, 129 |j,mol), and Gul (2 mg, 8 (xmol) 
5 afforded triazole 407 as a white solid (89 mg, 80 nmol). Data for 407: MS (ESI) miz 556, 557 
(M + 2H)^'"; ^HNMR (300 MHz, CDCI3, partial): 8 9.38 (br s, IH), 7.54-7.41 (m, 5H), 7.44 (s, 
IH), 5.20-4.90 (m, 3H), 4.70-4.58 (m, 3H), 4.49 (d, J'= 6 Hz, IH), 4.28 (br s, IH), 4.12-4.00 (m, 
IH), 3.61 (d, J = 3 Hz, IH), 3.32 (s, 3H), 3.05-2.93 (m, 2H), 2.30 (s, 3H), 2.17 (s, 3H), 2.15 (d, J 
= 9 Hz, IH), 1.33-1.27 (m, 6H), 1.27-1.15 (m, lOH), 1.10-1.00 (m, 8H), 0.91-0.84 (m, 6H): 
10 ^^CmiR (75 MHz, CDCI3): 8 178.8, 156.0, 148.4, 132.0, 128.1, 127.6, 124.8, 122.3, 102.9, 
94.5, 83.3, 79.2, 78.2, 77.7, 74.3, 73.7, 73.0, 70.6, 70.1, 68.8, 65.9, 65.5, 62.4, 53.4, 53.1, 52.4, 
49.5, 45.3, 42.2, 37.2, 36.8, 36.2, 34.7, 29.6, 27.8, 27.6, 26.9, 26.8, 25.4, 22.0, 21.6, 21.4, 21.3, 
18.2, 16.2, 14.6, 11.2, 8.9, 7.4. 

Synthesis of triazole 408 

15 Alkyne 174 (70 mg, 86 |xmol), azide 158 (39 mg, 129 nmol), and Cul (2 mg, 8 nmol) 

afforded triazole 408 as a white solid (93 mg, 85 ^imol). Data for 408: MS (ESI) mIz 560 (M + 
2H)^'"; ^HNMR (300 MHz, CDCI3, partial): 8 7.70 (br s, IH), 7.50 (s, IH), 7.31 (dd, 14, 2 
Hz, IH), 7.21 (dd, J = 8, 2 Hz, IH), 6.89 (t, J = 9 Hz, 3H), 5.14-5.05 (m, IH), 4.97 (d, J= 4 Hz, 
IH), 4.65-4.45 (m, 3H), 4.45 (d, J = 7 Hz, IH), 4.28 (dd, J= 6, 2 Hz, IH), 4.13-3.97 (m, IH), 

20 3.87-3.80 (m, 4H), 3.68-3.61 (m, 3H), 3.32 (s, 3H), 2.28 (s, 3H), 2.18 (d, J= 9 Hz, IH), 2.13 (s, 
3H), 1.35-1.15 (m, 18H), 1.10-1.02 (m, 9H), 0.91-0.82 (m, 6H): ^^CNMR (75 MHz, CDCI3): 5 
178.3, 153.3, 148.3, 133.4, 122.5, 122.3, 118.2, 114.5, 114.2, 103.0, 95.4, 84.0, 79.0, 78.1, 77.6, 
77.5, 77.1, 76.6, 73.5, 72.8, 70.7, 70.0, 68.7, 66.7, 65.6, 65.5, 61.8, 53.1, 52.4, 50.4, 50.3, 49.4, 
44.9, 42.5, 40.9, 37.4, 36.8, 36.6, 35.0, 29.7, 27.8, 27.3, 26.9, 26.7, 25.4, 21.9, 21.6, 21.4, 18.4, 

25 16.3,15.5,11.2,8.9,7.4. 

Synthesis of triazole 409 

Alkyne 174 (70 mg, 86 |j,mol), the azide 503 (31 mg, 129 |j,mol; see Example 58 for the 
synthesis of 503), and Cul (2 mg, 8 |j,mol) afforded triazole 409 as a white solid (93 mg, 85 
Hmol). Data for 409: MS (ESI) mIz 527 (M + 2H)^"'; ^HNMR (300 MHz, CDCI3, partial): 5 8.95 
30 (br s, IH), 7.47 (s, IH), 7.12-7.03 (m, 2H), 6.71 (tt, J = 9, 2 Hz, IH), 5.21-5.09 (m, 2H), 4.62 (d. 
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J= 6 Hz, IH), 4.48 (t, J= 10 Hz, IH), 4.45 (d, / = 7 Hz, IH), 4.29 (br s, IH), 4.15-4.00 (m, IH), 
3.66 (d, J= 5 Hz, IH), 3.62 (d, J = 7 Hz, IH), 3.32 (s, 3H), 3.02 (t, J =1 1 Hz, IH), 2.29 (s, 3H), 
2.18 (d, J= 10 Hz, IH), 2.13 (s, 3H), 1.77 (d, J= 9 Hz, IH), 1.33-1.26 (m, 6H), 1.27-1.15 (m, 
lOH), 1.10-0.99 (m, 9H), 0.92-0.84 (m, 6H): ^^CNMR (75 MHz, CDCI3, partial): 5 178.7, 155.2, 
5 148.4, 131.6, 122.2, 109.9, 109.8, 109.6, 109.5, 105.7, 02.9, 94.6, 83.4, 79.6, 78.1, 77.9, 76.6, 
74.3, 73.9, 73.6, 72.9, 70.6, 70.1, 68.8, 65.8, 65.5, 62.3, 53.1, 52.3, 49.4, 45.2, 42.4, 42.0, 37.0, 
36.8, 36.3, 34.8, 29.6, 27.8, 27.5, 27.0, 26.7, 25.4, 21.9, 21.6, 21.3, 21.2, 18.2, 16.2, 11.2, 7.5. 

Example 57 - Synthesis of Triazoles 410 and 411 

These triazoles were synfliesized using the chemistry illustrated for triazole 410 shown in 
10 Scheme 77. Racemic azide 499 was used to generate triazole 410 as a mixture of diastereomers. 



Scheme 77 




410 



Synthesis of azide 499 

A solution of 3-fluoro-4-methoxybenzaldehyde (2.0 g, 12.97 nrniol) and hydroxylamine 
15 hydrochloride (1.0 g, 14.27 mmol) in ethanol (40 mL) and water (80 mL) was cooled to 4 ^C, 
and 2.3 mL NaOH (50% w/w) was added. The reaction mixture was stirred for 3 h at room 
temperature. The reaction mixture was adjusted to pH 6.0, and partitioned with methylene 
chloride and water. The aqueous layer was extracted twice with methylene chloride, and the 
combined organic layer was washed with brine, dried (Na2S04), and evaporated to yield 496 
20 (1 .97 g, 90%) as a white soUd. Data for 496: ^HNMR (300 MHz, CDCI3): 5 7.84 (s, IH), 7.04 
(d, J- 3 Hz, IH), 6.74 (app t, J= 8 Hz, IH). 

To a solution of oxime 496 (1.97 g, 1 1.64 mmol) in dimethylformamide (10 mL) was 
added iV-chlorosuccinimide (1 .5 g, 1 1 .64 mmol). The reaction mixture was warmed to 50^C for 
1 h. The reaction was diluted with ethyl acetate (50 mL), and washed with brine. The organic 
25 phase was dried (Na2S04), and evaporated to yield 497 (2.37 g, 100% yield). Data for 497: 
^HNMR (300 MHz, CDCI3): 8 8.02 (s, IH), 7.60 (m, IH), 6.94 (t, J- 3 Hz, IH). 
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To a solution of hydroximinoyl chloride 497 (1.00 g, 4.91 mmol) in methylene chloride 
(5 mL) was added allyl alcohol (0.3 mL, 4.91 mmol). The mixture was cooled to O^C, and 
triethylamine (0.68 mL, 4.91 mmol) was added. The reaction mixture was slowly warmed to 

room temperature, stirred for 16 h, then quenched with water (20 mL), and extracted twice with 
5 methylene chloride. The combined organic layer was washed with brine, dried over (Na2S04)5 
and evaporated to yield 498 (0.76 g, 70% yield). Data for 498: ^HNMR (300 MHz, CDCI3): 5 
7.40 (m, IH), 7.30 (m, IH), 6.80 (m, IH), 4.80 (m, IH), 3.60 (s, 3H), 3.20 (m, 2H). 

Alcohol 498 (0.7 g, 3.10 mmol) was dissolved in 10 mL methylene chloride, and the 
mixture cooled to 0°C. Triethylamine (0.86 mL, 6.2 mmol) was added, followed by 

10 methanesulfonyl chloride (0.34 mL, 4.35 nmiol). The mixture was allowed to wami to room 

temperature and stirred for 1 h. Methylene chloride (10 mL) was added, and the mixture washed 
twice with IN HCl, then twice with 10% aqueous sodium carbonate, and then brine. The organic 
phase was dried (Na2S04), and evaporated to yield the expected mesylate (0.77 g, 86% yield). 
Data: ^HNMR (300 MHz, CDCI3): 8 7.40 (m, IH), 7.20 (d, J= 3 Hz, IH), 6.85 (m, IH), 4.90 

15 (m, lH),3.00(s,3H). 

A solution of the above mesylate (0.77 g, 2.30 mmol) in dimethylformamide (5 mL) was 
treated with sodium azide (0.66 g, 10.15 mmol) and the mixture heated to 80°C for 3 h. The 
reaction mixture w^ cooled to room temperature, diluted with ethyl acetate (50 mL), and 
washed with brine (2 x 50 mL). Drying (Na2S04), and evaporation provided azide 499 (0.52, 
20 83% yield) as a yellow oil of suitable purity for use in subsequent reactions. 

Synthesis of triazole 410 

A solution of alkyne 173 (100 mg, 0.127 mmol) in tetrahydrofuran (10 mL) was treated 
with azide 499 (0.05 g, 0.19 mmol), iV;iV-diisopropylethylamine (0.03 mL, 0.15 mmol) and 
copper (I) iodide (0.02 g, 0.127 mmol), and the mixture was stirred under argon at room 

25 temperature for 16 h. The reaction mixture was diluted with ethyl acetate (50 mL), and washed 
with brine (2 x 50 mL). The organic phase was dried and evaporated. The residue was purified 
by preparative thin layer chromatography (usuig 90% CH2CI2, 0% MeOH, 0.1 % NH4OH as 
eluant) to provide 410 (71 mg, 77% yield) as a yellow solid. Data for 410: ^HNMR (300 MHz, 
CDCI3, partial): 8 7.50 (s, IH), 7.32 (m, IH), 7.10 (s, IH), 6.80 (t, J= 3 Hz, IH), 5.0 (m, IH), 

30 4.60-4.35 (m, 2H), 4.01 (m, IH), 3.6 (m, IH). 
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Synthesis of triazole 411 
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This compound was made from alkyne 173 and the required 3-(4-chlorophenoxy)phenyl 
isoxazoline azide (synthesized firom 3-(4-chlorophenoxy)benzaldehyde using the same procedure 
described above for the synthesis of azide 499) using the same procedure described above for the 
synthesis of triazole 410. Data for 411: ^H-NMR (300 MHz, CDCI3, partial): 6 7.50 (s, IH), 
7.10-7.30 (m, 4H), 6.90 (s, IH), 6.80 (s, IH), 5.02 (m, IH), 4.50-4.70 (m, 2H), 4.35 (d, J= 3 Hz, 
IH), 4.0 (m, IH), 3.60 (t, J= 7 Hz, 2H). 



10 



Example 58 - Synthesis of Triazoles 412-414 

These triazoles were synthesized using the chemistry illustrated for triazole 412 shown in 
Scheme 78. Hydroxyiminoyl chloride 501 was converted to chiral, non-racemic alcohol 502 
which was transformed to azide 503. The cycloaddition of alkyne 173 with azide 503 yielded 
triazole 412. 



Scheme 78 



H^N-OH 



500 




Ailyl alcohol 

EtaZn, (+)-(R,R)-DIPT 
CHCIa/dioxane 



502 




F F 
1)MsCI, EtsN 1 



2) NaNa, DMF /-.^ 



503 




412 



1 5 Synthesis of azide 503 

A solution of 3,5-difluorobenzaldehyde (2.0 g, 14.0 mmol) and hydroxylamine 
hydrochloride (1.07 g, 15.4 mmol) in ethanol (40 mL) and water (80 mL) was cooled to 4°C, and 
2.3 mL NaOH (50% w/w) was added. The reaction mixture was stirred for 3 h at room 
temperature. The reaction mixture was adjusted to pH 6.0, and partitioned with methylene 
20 chloride and water. The aqueous layer was extracted twice with methylene chloride, and the 
combined organic layer was washed with brine, dried (Na2S04), and evaporated to yield 500 
(2.01 g, 91% yield) as a white solid. Data for 500: ^HNMR (300 MHz, CDCI3): 5 7.82 (s, IH), 
6.80 (m, IH), 6.60 (m, IH). 

To a solution of oxime 500 (2.01 g, 12.7 mmol) in dimethylformamide (10 mL) was 
25 added JV-chlorosuccinimide (1 .7 g, 12.7 mmol). The reaction mixture was warmed to 50°C for 1 
h. The reaction was diluted with ethyl acetate (50 mL), and washed with brine. The organic 
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phase was dried (Na2S04)5 and evaporated to yield 501 (2.45 g, 100% yield). Data for 501: 
^HNMR (300 MHz, CDCI3): S 8.0 (s, IH), 7.40 (d, J= 2 Hz, IH), 6.80 (m, IH). 



To a solution of allyl alcohol (0.7 mL, 10.30 mmol) in 20 mL CHCI3 was added a 1 M 
diethylzinc solution in hexane (12.4 mL, 12.40 mmol) at -5 to O^C. After stirring for 10 min, 
5 (+)-diisopropyl tartrate (0.5 mL, 2.10 mmol) was added and the solution was stirred for 1 h at 
0°C. The milky solution was cooled to — 20°C and 20 mL CHCI3 and dioxane (5 mL) was added. 
Then hydroximinoyl chloride 501 (1.80 g, 9.40 mmol) was added in portions at -20 to-15^C. 
The solution was stirred for 3 h at -150°C, then poured into 100 mL saturated aqueous NH4CI 
and extracted with CHCI3 (3 X 100 mL). The combined organic extract was washed with brine, 
10 dried Na2S04, and evaporated. The residue was purified by flash-chromatography (eluting with 
30 % ethyl acetate/hexane), to afford crude material which was recrj^stallized from ethyl acetate 
and hexane to yield 502 (0.75 g, 75% yield). Data for 502: ^HNMR (300 MHz, CDCI3): 6 7.20 
(m, 2H), 6.80 (m, IH), 4.96 (m, IH), 3.90 (m, IH), 3.70 (m, IH), 3.30 (m, 2H), 2.10 (m, IH). 

Alcohol 502 (0.74 g, 3.47 mmol) was dissolved in 10 mL methylene chloride, and the 
15 mixture cooled to O^'C. Triethylamine (1.0 mL, 6.94 mmol) was added, followed by 

methanesulfonyl chloride (0.4 mL, 4.85 mmol). The mixture was allowed to warm to room 
temperature and stirred for 1 h. Methylene chloride (10 mL) was added, and the mixtm'e washed 
twice with. 1 N HCl, then twice with 10% aqueous sodium carbonate, and then brme. The 
organic phase was dried (Na2S04), and evaporated to yield the mesylate (0.93 g, 92% yield). 
20 Data: ^HNMR (300 MHz, CDCI3): 5 7.15 (m, 2H), 6.85 (m, IH), 5.01 (m, IH), 4.33 (m, 2H), 
3.00 (s, 3H) 

A solution of the above mesylate (0.93 g, 3.19 nmiol) in dimethylformamide (10 mL) 
was treated with sodium azide (0.83 g, 12.7 mmol) and the mixture heated to 80°C for 3 h. The 
reaction mixture was cooled to room temperature, diluted with ethyl acetate (50 mL), and 
25 washed with brine (2 x 50 mL). Drying (Na2S04)5 and evaporation provided azide 503 (0.65, 
86% yield) as a yellow oil of suitable purity for use in subsequent reactions. Data for 503: 
^HNMR (300 MHz, CDCI3): 5 7.20 (m, 2H), 6.80 (m, IH), 4.95 (m, IH), 3.54 (dd, J= 4, 15 Hz, 
IH), 3.00 (dd, J= 7, 10 Hz, IH). 

Synthesis of triazole 412 

30 A solution of alkyne 173 (100 mg , 0.127 mmol) in tetrahydrofuran (10 mL) was treated 

with azide 503 (0.045 g, 0.19 mmol), iV;iV^diisopropylethylamine (0.03 mL, 0.15 mmol) and 
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copper (I) iodide (0.02 g, 0.127 mmol), and the mixture was stirred under argon at room 
temperature for 16 h. The reaction mixture was diluted with ethyl acetate (50 mL), and washed 
with brine (2 x 50 mL). The organic phase was dried and evaporated. The residue was purified 
by preparative liiin layer chromatography (using 80% CH2CI2, 20% MeOH, 0,1 % NH4OH as 
5 eluant) to provide 412 (96 mg, 74% yield) as a yellow solid. Data for 412: ^HNMR (300 MHz, 
CDCI3, partial): 5 8.50 (s, IH), 7.10 (m, IH), 7.00 (m, IH), 6.80 (m, IH), 5.10 (m, IH), 4.70- 
4.50 (m, 2H), 4.01 (m, IH), 3.80 (m, IH). 

Synthesis of triazole 413 

This compound was made fi-om alkyne 173 and the required 3,5-dichlorophenyl 
10 isoxazoline azide (produced firom 3j,5-dichlorobenzaldehyde as described above for the synthesis 
of azide 503) using the same procedure described above for the synthesis of 412. Data for 413: 
^H-NMR (300 MHz, CDCI3, partial): 5 9.20 (s, IH), 7.50 (m, IH), 7.35 (m, IH), 5.10 (m, 2H), 
4.90 (m, IH), 4.60 (d, J= 5 Hz, IH), 4.50 (m, 2H), 4.40 (d, J= 3 Hz, IH), 4.00 (m, IH), 3.60 (m, 
2H),3.20 (s, 3H). 

1 5 Synthesis of triazole 414 

This compound was made from alkyne 173 and the required piperonyl isoxazoline azide 
(produced from piperonaldehyde as described above for the synthesis of azide 503) using the 
same procedure described above for the synthesis of 412. Data for 414: ^H-NMR (300 MHz, 
CDCI3, partial): 5 8.80 (s, IH), 7.30 (m, IH), 7.20 (s, IH), 7.00 (m, IH), 6.80 (m, IH), 6.0 (s, 
20 IH), 4.95 (m, 2H), 4.80-4.20 (m, 8H), 4,00 (m, IH), 3.70 (t, J== 3 Hz, 3H). 

Example 59 - Synthesis of Thiazole 415 

Scheme 79 depicts the synthesis of thiazole 415. Mesylate 504 was converted to nitrile 
505 which was then hydrolyzed to afford amide 506. Amide 506 was treated with Lawesson's 
reagent to give the thioamide 507, which was subsequently converted to thiazole 509 by heating 
25 in the presence of acyl bromide 508. Alkyation of amine 171 then provided thiazole 415. 
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Scheme 79 




Synthesis of bromide 509 

Under an argon atmosphere, a mixture of mesylate 504 (1.67 g, 5 mmol; for a synthesis 
5 see Example 39) and NaCN (1.25 g, 25 mmol) in 15 mL of DMF was heated at 120°C for 2 h. 
The reaction mixture was diluted with EtOAc, washed with brine, dried (MgS04), concentrated 

and crystallized in EtOAc/hexane to afford nitrile 505 (1 .20 g, 90% yield). Data for 
505: ^HNMR (300 MHz, CDCI3): 6 7.56 (d, J= 9 Hz, 2H), 7.53 (d, J= 9 Hz, 2H), 5.05 (m, IH), 
3.60 (dd, J= 11, 17 Hz, IH), 3.25 (dd, J= 6, 17 Hz, IH), 2.51 (dd, J= 5, 17 Hz, IH), 2.73 (dd, J 
10 = 7, 17 Hz, IH). 

A mixture of nitrile 505 (1.0 g, 3.77 mmol) and KOH (0.5 g, 8.93 mmol) in 16 mL of 
tert-butanol and 2 mL of water was heated to reflux for 2 h. The reaction mixture was cooled to 
room temperature and diluted with water. The desired amide 506 was collected by filtration 
(0.85 g, 80% yield). Data for 506: ^HNMR (300 MHz, DMSO): 6 7.66 (d, J= 8 Hz, 2H), 7.61 
15 (d, J= 8 Hz, 2H), 7.43 (s, IH), 6.97 (s, IH), 4.99 (m, IH), 3.52 (dd, J= 1 1, 17 Hz, IH), 3.15 (dd, 
J= 7, 17 Hz, IH), 2.51 (dd, J= 7, 14 Hz, IH), 2.39 (dd, J= 7, 14 Hz, IH). 

A mixture of 506 (220 mg, 0.78 mmol) and Lawesson's reagent (187 mg, 0.46 mmol) in 
THF (3 mL) was refluxed under argon for 2 h. The reaction was diluted with EtOAc, washed 
with brine, dried over MgS04 and concentrated under vacuum. Recrystallization of the crude 
20 product fcom EtOAc afforded 507 (1 80 mg, 77 % yield). Data for 507: MS (ESI) m/z 298.8 

(M+H)""; ^HNMR (300 MHz, CDCI3): 5 7.56 (d, J= 9 Hz, 2H), 7.52 (d, J= 9 Hz, 2H), 7.46 (br 
s, 2H), 5.15 (m, IH), 3.52 (dd, J= 10, 17 Hz, IH), 3.27 (dd, J= 8, 17 Hz, IH), 3.12 (d, J= 12 
Hz,2H). 

To a solution of 508 (190 mg, 0.83 mmol; prepared as in Eur. J. Org. Chem. 2001, pp. 
25 3789-3795) in THF (8 mL) and MeOH (2 mL) was added 507 (150 mg, 0.50 mmol). After 
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refluxing for 2 h, tiie reaction was concentrated and crystallized in CH2CI2 to provide 509 (163 
mg, 77% yield). Data for 509: MS (ESI) m/z 430.7 (M+H)"*"; ^HNMR (300 MHz, CDCI3): 8 
7.56 (d, J= 9 Hz, 2H), 7.52 (d, J= 9 Hz, 2H), 7.41 (s, IH), 5.26 (m, IH), 4.02 (dd, 4, 15 Hz, 
IH), 3.85-3.75 (m, 3H), 3.69-3.47 (m, 4H). 

5 Synthesis of thiazole 415 

A mixture of 509 (56 mg, 0.13 mmol), amine 171 (96 mg, 0.13 mmol), Hunig's base 
(170 mg, L3 mmol) and KI (22 mg, 0.13 mmol) in THF (4 mL) was refluxed for 24 h. The THF 
was removed xmder vacuum and the residue was dissolved in EtOAc. The solution was washed 
with brine, dried over MgS04, concentrated and purified by chromatography on silica gel 
10 (eluant: ISrliO.l/CHaClaiMeOHiNHs HaO) to provide thiazole 415 (52 mg, 37% yield). Data for 
415: MS (ESI) m/z 1083.7 (M + H)^ 542.2 (100%); ^HNMR (300 MHz, CDCI3, partial): 8 7.46 
(s, 4H), 6.78 (s, IH), 5.10 (m, IH), 3.24 (s, 3H), 0.83 (t, J= 7 Hz, 3H). 

INCORPORATION BY REFERENCE 

The entire disclosure of each of the patent docxmients and scientific articles referred to 
15 herein is incorporated by reference for all purposes. 

EQUIVALENTS 

The invention may be embodied in other specific forms without departing from the spirit 
or essential characteristics thereof. The foregoing embodiments are therefore to be considered in 
all respects illustrative rather than limiting on the invention described herein. Scope of the 
20 invention is thus indicated by the appended claims rather than by the foregoing description, and 
all changes that come within the meaning and range of equivalency of the claims are intended to 
be embraced therein. 
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WHAT IS CLAIMED IS: 
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A compoimd having the formula: 




or a pharmaceutically acceptable salt, ester, or prodrug thereof, 
wherein 

A, at each occurrence, independently is carbon, carbonyl, or nitrogen, provided at least 
one A is carbon; 

Z is carbon, nitrogen, oxygen, or sulfur; 

B is selected from the group consisting of O, NR^ S(0)r, C=0, C=S, and C=NOR^ 
p is 0 or 1; 

q, at each occurrence, independently is 0 or 1; 

r is O5 I5 or 2; 

R^, at each occurrence, independently is selected from the group consisting of: 

a) hydrogen, b) S(0)rR'^, c) formyl, d) Ci-g alkyl, e) C2-8 alkenyl, f) C2-8 alkynyl, 
g) Ci-8 alkoxy, li) Ci.s alkyithio, i) Ci-g acyl, j) saturated, unsaturated, or aromatic 
C3-8 carbocycle, and k) saturated, misaturated, or aromatic 5-10 membered 
heterocycle containing one or more heteroatoms selected from the group 
consisting of nitrogen, oxygen, and sulfttr. 



wherein any of d) - k) optionally is substituted with one or more moieties 
selected from the group consisting of carbonyl, aryl, substituted aryl, 
heteroaryl, substituted heteroaryl, F, CI, Br, I, CN, NO2, -NR^R^ -OR^ 
-S(OXR^ -S(0)rNR^R^-C(0)R^ -C(0)OR^ -OC(0)R^ -C(0)NR^R^ and 
-OC(0)NR^R^; 



altematively, two R^ groups, taken together with the atom to which they are bonded, 
form i) 5-8 membered saturated or unsaturated carbocycle, or ii) 5-8 membered saturated or 
unsaturated heterocycle containing one or more atoms selected from the group consisting of 
nitrogen, oxygen, and sulfur. 



wherein i) - ii) optionally is substituted with one or more moieties selected from 
the group consisting of carbonyl, F, CI, Br, I, CN, NO2, -NR^R^ -OR^ -S(0)rR'^, 
^S(0)rNR^R^ -C(0)R^ -C(0)OR\ -OC(0)R^ -C(0)NR^R^ -0C(0)NR^R\ 



C1.6 acyl, aryl, substituted aryl, heteroaryl, and substituted heteroaryl; 
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R^, at each occurrence, independently is selected from the group consisting of: 
a) hydrogen, b) Ci-g aUcyl, c) C2.8 alkenyl, d) C2.8 alkynyl, e) Ci-g acyl, 
f) saturated, unsaturated, or aromatic C3.8 carbocycle, and g) saturated, 
vinsaturated, or aromatic 5-10 membered heterocycle containing one or more 
heteroatoms selected from the group consisting of nitrogen, oxygen, and sulftir, 
wherein any of b) - h) optionally is substituted with one or more moieties 
selected from the group consisting of carbonyl, F, CI, Br, I, CN, NO2, 
-NR'R^ -OR^ -S(0)rR^ -S(0)rNR'R^ -C(0)R^ -C(0)OR^ -OC(0)R^ 
-C(0)NR^R^ -OC(0)NR^R^, C1.6 acyl, aryl, substituted aryl, heteroaryl, 
and substituted heteroaryl; 
alternatively, two R^ groups, taken together with the atom to which they are bonded, 
form i) a 5-7 membered saturated or unsaturated carbocycle, or ii) a 5-7 membered saturated or 
unsaturated heterocyocle containing one or more atoms selected from the group consisting of 
nitrogen, oxygen, and sulfijr, 

wherein i) - ii) optionally is substituted with one or more moieties selected from 
the group consisting of carbonyl, F, CI, Br, I, CN, NO2, -NRV, -OR^ -S(0)rR^ 
-S(0)rNR'R^ -C(0)R^ -C(0)OR^ -OC(0)R^ -C(0)NR'R^ -0C(0)NR'R^ 
Ci-6 acyl, aryl, substituted aryl, heteroaryl, and substituted heteroaryl; 
R"^ is selected from the group consisting of: 

a) hydrogen, b) -NR'R^ c) -NR'OR^ d) -NR'NR'r' e) -NHC(0)R^ 
f) -C(0)NR^R^ g) h) Ci-8 alkyl, i) C2-8 alkenyl, j) C2-8 alkynyl, k) saturated, 
vinsaturated, or aromatic C3.8 carbocycle, and 1) saturated, unsaturated, or aromatic 
5-10 membered heterocycle containing one or more heteroatoms selected from 
the group consisting of nitrogen, oxygen, and sulftir, 

wherein any of h) - 1) optionally is substituted with one or more moieties 
selected from the group consisting of carbonyl, F, CI, Br, I, CN, NO2, 
-NR^R^ -OR^ -SR^ -S(0)rR^ -S(0)rNR'R^ -C(0)R^ -C(0)OR^ 
-OC(0)R^ -C(0)NR^R^ -OC(0)NR^R^ Ci-6 alkyl, Ci-e alkenyl, 
C1.6 alkynyl, C1.6 acyl, aryl, substituted aryl, heteroaryl, and substituted 
heteroaryl; 

R^ is selected from the group consisting of: 

a) hydrogen, b) -NR^R^ c) -NR^OR^ d) -NRWr' e) -NHC(0)R^ 

f) -C(0)NR^R^ g) -Ns, h) C1.8 alkyl, i) C2.8 alkenyl, j) C2-8 alkynyl, k) saturated, 

unsaturated, or aromatic C3.8 carbocycle, and 1) saturated, imsaturated, or aromatic 
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5-10 membered heterocycle containing one or more heteroatoms selected &om 
the group consisting of nitrogen, oxygen, and sulfur, 

wherein any of h) - 1) optionally is substituted with one or more moieties 
selected from tlie group consisting of F, CI, Br, I, CN, NO2, -NR^R^, 
-OR^ -SR'-C(0)R^ -C(0)OR^ -OC(0)R^ -C(0)NR^R^ -OC(0)NR^R^ 
C1.6 alkyl, C1.6 alkenyl, Ci-6 alkynyl, Ci-6 acyl, aryl, substituted aryl, 
heteroaryl, and substituted heteroaryl; 
R^, at each occurrence, independently is selected from the group consisting of: 

hydrogen, Cue alkyl, Ci-6 alkenyl, Ci-6 alkynyl, C1.6 acyl, aryl, substituted aryl, 
hetreroaryl, substituted heteroaryl; 
alternatively, two R^ groups taken together are -(CH2)s-, 

wherein s is 1, 2, 3, 4, or 5; 
D-E is selected from the group consisting of: 

o 




, and 




E is selected from the group consisting of: 
a) 



R8 




c) 
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R11 r8 

■■^^^ 

d) 5-10 membered saturated, unsaturated, or aromatic heterocycle containing one or 
more heteroatoms selected from the group consisting of nitrogen, oxygen, and sulfur, and 
optionally substituted with one or more R^^ groups; 

e) C5-10 saturated, xmsaturated, or aromatic carbocycle, optionally substituted with 
one or more R^^ groups; 

f) Ci-8 alkyl, 

g) C2-8 alkenyl, 

h) C3.8 alkynyl, 

i) C1.8 allcoxy, 
j) Ci-8 aldylthio, 
k) Ci-s acyl, 

1) S(0)rR^ and 
m) hydrogen, 

wherein any of f) - k) optionally is substituted with 

i) one or more R^"^ groups; 

ii) 5-6 membered saturated, unsaturated, or aromatic heterocycle 
containing one or more heteroatoms selected from the group consisting of 
nitrogen, oxygen, and sulfur, and optionally substituted with one or more 
R^^ groups; or 

iii) C5.10 saturated, unsaturated, or aromatic carbocycle, optionally 
substituted with one or more R^^ groups; 

R^ is selected from the group consisting of: 

a) hydrogen, b) carbonyl, c) formyl, d) F, e) CI, f) Br, g) I, h) CN, i) NO2, j) OR^ 
k) ■^S(0)rR^ 1) -S(0)iN=R^ m) -C(0)R^ n) -C(0)OR^ o) -OC(0)R^ 
p) -C(0)NR^R^ q) -OC(0)NR^R^ r) .C(=NR^^)R^ s) -C(R^)(R^)OR^ 
t) -C(R^)(R^)OC(0)R^ u) -C(R^)(OR^)(CH2)rNRV, v) -NR^R^ w) -NR^OR^ 
x) -N(R^)C(0)R^ y) -N(R^)C(0)OR^ z) -N(R^)C(0)NR^R^ aa) -N(R^)S(0)rR^ 
bb) -C(OR^)(OR^)R^ cc) -C(R^)(R^)NRV, dd) -C(R^)(R^)NR^R^^ ee) =NR^^ 
ff) -C(S)NR^R^ gg) -N(R^)C(S)R^ hh) -OC(S)NR^R^ ii) -N(R^)C(S)OR^ 
jj) -N(R^)C(S)NR^R^ Ick) -SC(0)R^ 11) C1.8 alkyl, nrni) C2-8 alkenyl. 
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nn) C2-8 alkynyl, 00) Ci-g alkoxy, pp) Ci-g alkylthio, qq) Ci-g acyl, rr) saturated, 
unsaturated, or aromatic C5.10 carbocycle, and ss) saturated, unsaturated, or 
aromatic 5-10 membered heterocycle containing one or more heteroatoms 
selected from the group consisting of nitrogen, oxygen, and sulfur, 

wherein any of 11) — ss) optionally is substituted with one or more moieties 
selected from the group consisting of: 

carbonyl; formyl; F; CI; Br; I; CN; NO2; OR^; -S(0)rR^; -S(0)rN=R^ 
~C(0)R^; -C(0)OR^ -OC(0)R^; -C(0)NR^R^; -OC(0)NR^R^; 
-C(=NR^°)R^; -C(R^)(R^)OR^ -C(R^)(R^)OC(0)R^; 
-C(R^)(OR^)(CH2)rNR^R^; -NR^R^ -NR^OR^; -NR^C(0)R^; 
-NR^C(0)OR^ -NR^C(0)NR^R^; -NR^S(0)rR^; -C(OR^)(OR^)R^; 
-C(R^)(R^)NR^R^; -C(R^)(R^)NR^R^^; -NR^^; -C(S)NR^R^; -NR^C(S)R^; 
-OC(S)NR^R^; -NR^C(S)OR^ -NR^C(S)NR^R^; -SC(0)R^; C2-5 alkenyl; 
C2-5 alkynyl; Ci-8 alkoxy; Ci-g alkylthio; Ci-g acyl; satxxrated, unsaturated, 
or aromatic C5.10 carbocycle, optionally substituted with one or more 
groups; and saturated, unsaturated, or aromatic 5-10 membered 
heterocycle containing one or more heteroatoms selected from the group 
consisting of nitrogen, oxygen, and sulfur, and optionally substituted with 
one or more R groups; 
R^ is selected from the group consisting of: 

hydrogen; F; CI; Br; I; CN; NO2; OR^ aryl; substituted aryl; heteroaryl; 
substituted heteroaryl; and Ci-6 alkyl, optionally substituted with one or more 
moieties selected from the group consisting of aryl, substituted aryl, heteroaryl, 
substituted heteroaryl, F, CI, Br, I, CN, NO2, and OR^ 
altematively, R^ and R^ taken together are -0(CH2)rO-; 
R^, at each occurrence, independently is selected from the group consisting of: 
hydrogen, F, CI, Br, I, CN, 0R\ NO2, -NR^R^, C1.6 alkyl, Ci-6 acyl, and 
C1.6 alkoxy; 
R^^ is selected from the group consisting of: 

a) saturated, unsaturated, or aromatic C5-10 carbocycle, b) saturated, unsaturated, 
or aromatic 5-10 membered heterocycle containing one or more heteroatoms 
selected from the group consisting of nitrogen, oxygen, and sulfur, 
c) -X-Ci-6 alkyl-saturated, unsaturated, or aromatic 5-10 membered heterocycle 
containing one or more heteroatoms selected from the group consisting of 
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nitrogen, oxygen, and STjlfur, d) saturated, unsaturated, or aromatic 10-membered 
bicyclic ring system optionally containing one or more heteroatoms selected from 
the group consisting of nitrogen, oxygen, and sulfur, e) saturated, unsaturated, or 
aromatic 13-membered tricyclic ring system optionally containing one or more 
5 heteroatoms selected from the group consisting of nitrogen, oxygen, and sulfiir, 

and f) 

wherein 

any of a) - e) optionally is substituted with one or more R^^ groups, and 
XisOorNR^; 

10 alternatively, R^^ and one R^ group, taken together with the atoms to which they are 

bonded, form a 5-7 membered saturated or unsaturated carbocycle, optionally substituted with 
one or more R^*^ groups; or a 5-7 membered saturated or unsaturated heterocyocle containing one 
or more atoms selected from the group consisting of nitrogen, oxygen, and sulftir, and optionally 
substituted with one or more R^^ groups; 
15 R^^ at each occurrence, independently is selected from the group consisting of: 

hydrogen; an electron-withdrawing group; aryl; substituted aryl; heteroaryl; 
substituted heteroaryl; and Ci-6 alkyl, optionally substituted with F, CI, or Br; 
alternatively, any R*^ and R^, taken together with the atoms to which they are bonded, 
form a 5-7 membered saturated or unsaturated carbocycle, optionally substituted with one or 
20 more R^^ groups; or a 5-7 membered saturated or unsaturated heterocycle containing one or more 
atoms selected from the group consisting of nitrogen, oxygen, and sulfur, and optionally 
substituted with one or more R^^ groups; 

R^^ is selected from the group consisting of: 

-NR^R^ -OR^ -OC(0)R^ -OC(0)OR^ -NR^C(0)R^ -NR^C(0)NR^R^ 
25 -NR^C(S)NR^R^, and -NR^C(=NR^)NR^R^ 

R^^, at each occurrence, independently is selected from the group consisting of: 

a) hydrogen, b) carbonyl, c) formyl d) F, e) CI, f) Br, g) I, h) CN, i) NO2, j) OR^ 
k) -S(0)rR', 1) -S(0)^N=R^ m) -C(0)R^ n) -C(0)OR^ o) -OC(0)R^ 
p) -C(0)NR^R^ q) -OC(0)NR^R^ r) -C(=NR^^)R^ s) -C(R^)(R^)OR^ 
30 t) -C(R^)(R^)0C(0)R', u) -C(R^)(OR^)(CH2)rNR^R^ v) -NR^R', w) -NR^OR^ 

x) -N(R^)C(0)R^ y) -N(R^)C(0)OR^ z) -N(R^)C(0)NR^R^ aa) -N(R^)S(0)rR^ 
bb) -C(OR^)(OR^)R^, cc) -C(R^)(R^)NR^R^, dd) -C(R^)(R^)NR^R^^ ee) =NR^^ 
ff) -C(S)NR^R^ gg) -N(R^)C(S)R^ hh) -OC(S)NR^R^ ii) -N(R^)C(S)0R\ 
jj) -N(R^)C(S)NR^R^ Idc) -SC(0)R^ 11) Ci-s alkyl, mm) C2-8 alkenyl, 
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im) C2-8 alkynyU 00) Ci-g alkoxy, pp) Ci-g alkylfhio, qq) Ci-g acyl, rr) saturated, 
xmsaturated, or aromatic C5.10 carbocycle, ss) saturated, unsaturated, or aromatic 
5-10 membered heterocycle containing one or more heteroatoms selected from 
the group consisting of nitrogen, oxygen, and sulfur, tt) saturated, unsaturated, or 
5 aromatic 10-membered bicyclic ring system optionally containing one or more 

heteroatoms selected from the group consisting of nitrogen, oxygen, and sulftu:, 
and uu) saturated, imsaturated, or aromatic 13 -membered tricyclic ring system 
optionally containing one or more heteroatoms selected from the group consisting 
of nitrogen, oxygen, and sulfiir, 
1 0 wherein any of 11) — uu) optionally is substituted with one or more 

moieties selected from the group consisting of: 

carbonyl; formyl; F; CI; Br; I; CN; NO2; OR^; -S(0)rR^; 
-S(0)rN=R^, -C(0)R^; -C(0)OR^ -OC(0)R^; -C(0)NR^R^; 
-OC(0)NR^R^; -C(=NR^^)R^; -C(R^)(R^)OR^ 
1 5 -C(R^)(R^)OC(0)R^; -C(R^)(OR^)(CH2)rNR^R^; -NR^R^; 

-NR^OR^ -NR^C(0)R^; -NR^C(0)OR^; -NR^C(0)NR^R^; 
-NR^S(0)rR^; -C(OR^)(OR^)R^; -C(R^)(R^)NR^R^; 
-C(R^)(R^)NRV^; =NR^^; -C(S)NR^R^; -NR^C(S)R^ 
-OC(S)NR^R^; -NR^C(S)OR^; -NR^C(S)NR^R^; -SC(0)R^; 
20 Ci-8 alkyl, C2.8 alkenyl; C2-8 alkynyl; Ci.g alkoxy; C^g alkylthio; 

Ci-g acyl; saturated, unsaturated, or aromatic C3-10 carbocycle 
optionally substituted with one or more R^ groups; and saturated, 
unsaturated, or aromatic 3-10 membered heterocycle containing 
one or more heteroatoms selected from the group consisting of 
25 nitrogen, oxygen, and sulfur, and substituted with one or more R^ 

groups; 

G is selected from the group consisting of: 

a) Ci-4 alkyl, b) Cs-g alkyl, c) C2-8 alkenyl, d) C2-8 alkynyl, e) Ci-s alkoxy, 
f) Ci-8 alkylthio, g) Ci.g acyl, h) saturated, imsaturated, or aromatic C5-10 
30 carbocycle, i) saturated, unsaturated, or aromatic 5-10 membered heterocycle 

containing one or more heteroatoms selected from the group consisting of 
nitrogen, oxygen, and sulfur, 

j) 
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o13 



] (U ( CHz)— CH=CH I'l; ( CH2^ 
^ q t q t 




m) 

''o\ o 



\\ ^ ^} ( CHz)— CH=CH-J' NRI^rU 

^ q t 



q 

n) 



o\ /ON "^^^ • 



^ q t ' q t 




q 

10 o) 

i-»14 



"'4 / 



^ ^ ' 7 ( CHa^ — CH=CH-(CH2^ 
^ q t t 



R3(J ORIS; 

P) 



. A / (CH3H^B-W-(CH3i- 

^ q t q q t " ' q 




r3(? OR15; and 



q) -(CH2)rNR^-(CH2)rC(R0(R0OR^; 
15 wherein 

i) a) is substituted with, and 

ii) any of b) - i) optionally is substituted with one or more moieties 
selected from the group consisting of: 
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carbonyl; formyl; F; CI; Br; I; CN; NO2; OR^ -S(0)rR^; 
-S(0)rN=R^ -C(0)R^; -C(0)OR^ -OC(0)R^; -C(0)NR^r2; 
-0C(0)NRV; -C(-NR^^)R^; -C(R^)(R^)0R^; 
-C(R^)(R^)0C(0)R^; -C(R^)(OR^)(CH2)rNR^R2; -NR^R^; 
5 -NR^OR^ -NR^C(0)R^; -NR^C(0)OR^ -NR^C(0)NR^R^; 

-NR^S(0)rR^ -C(OR^)(OR^)R^ -C(R^)(R^)NRV; 
-C(R^)(R^)NR^R^^; =NR^^; -C(S)NR^R^ -NR^C(S)R^; 
-0C(S)NR^R^ -NR^C(S)0R^; -NR^C(S)NR^R^; -SC(0)R^; 
C2-5 alkenyl; C2-5 alkynyl; Ci-8 alkoxy; Ci.g alkylthio; Ci-g acyl; 
10 saturated, unsaturated, or aromatic C5-10 carbocycle, optionally 

substituted with one or more R^"^ groups; and saturated, 
imsaturated, or aromatic 5-10 membered heterocycle containing 
one or more heteroatoms selected from liie group consisting of 
nitrogen, oxygen, and sulfur, and optionally substituted with one 
15 or more R^"^ groups; 

t, at each occurrence, independently is 0, 1, 2, or 3; 

vis 0, 1,2,3,4, 5, or 6; 

R^"^ is selected from the group consisting of: 

a) hydrogen, b) Ci-6-alkyl, c) C2-6 alkenyl , d) C2-6 alkynyl, e) -C(0)-R^, 
20 f) -C(0)-Ci-6 alkyl-R^ g) -C(0)-C2-6 alkenyl-R^ h) -C(0)-C2-6 alkynyl-R^ 

i) -Ci-6 alkyl-J-R^ j) -C2-6aUcenyl-J-R^; andk) -C2-6 alkynyl- J-R^; 
wherein 

(i) any of b) — d) optionally is substituted with one or more 
substituents selected from the group consisting of: 

25 F, CI, Br, I, aryl, substituted aryl, heteroaryl, substituted 

heteroaryl, -OR^ -O-C1.6 alkyl-R^, -O-C2.6 alkenyrf, -O-C2-6 
alkynyl-R^, and-NR^R^; and 

(ii) J is selected from the group consisting of: 

~0C(0)- -0C(0)0-, -OC(0)NR^-, -C(0)NR^-, -NR^C(O)- 



30 -NR^C(0)0- -NR^C(0)NR% -NRX(NH)]S[RS and S(0)r; and 

R^^ is selected from the group consisting of: 

hydrogen; Ci-io alkyl, optionally substituted with one or more R^"^ groups; 
Ci-6 acyl, optionally substituted with one or more R^^ groups; aryl; substituted 
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aryl; heteroaryl; substituted heteroaryl; arylalkyl; substituted arylalkyl; and a 
macrolide. 

2. The compound according to claim 1, having the formtda: 

/ 



G ^Bp-(CH2)q-D-E 

wherein 

A, at each occurrence, independently is carbon or nitrogen, provided at least one 
A is carbon, and 

p, q, B, D, E, and G are as defined in claim 1 . 

3. The compound according to claim 1, having the formula selected from the group 
consisting of: 




A' 

^ ^ ^Bp-(CH2)q-D-E^ ® ^' ^Bp-(CH2)q-D-E 



° ^Bp-(CH2)q-D-E^and° ^Bp-(CH2)q-D-E^ 

wherein 

Y is oxygen or sulfiir, 

A, at each occurrence, independently is carbon or nitrogen, and 
p, q, B, D, E, and G are as defined in claim 1. 

4. The compoxind according to claim 1 , having the formula: 



/ ^1 /O 



S ■ 



^Bp-(CH2)q. 
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5, 



V " 





Bp-(CH2)q 



wherein q. A, B, E, and G are as defined in claim 1. 

The compound according to claim 4, having the formula: 

p 

A. 



wherein A, E, and G are as defined in claim 1 . 




The compound according to claim 4, having the formula: 



V " 





\ 



wherein A, E, and G are as defined in claim 1 . 



The compound according to claim 1, having the formula: 



G ^ 



Bp-(CH2)q. 




or 





Bp-(CH2)q 



wherein p, A, E, and G are as defined in claim 1 . 



8. The compound according to claim 7, having the formula: 
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IN 




wherein A, and G are as defined in claim 1 . 
9. The compound according to claim 1, wherein E has the formiila: 




r9 r9 

wherein and R^^, at each occurrence, are as defined in claim 1 . 
10. The compound according to claim 1, wherein E has the formula: 




F 

wherein R^^ is as defined in claim 1, 
1 1 . The compoimd according to claim 9, wherein R^^ has tiie formula: 



K 




wherein 

K is selected firom the group consisting of O, NR"^, and S(0)r5 and 
xis 0, 1,2, or 3. 

12. The compound according to claim 1 1, wherein K is oxygen. 

1 3 . The compound according to claim 1 1 , wherein t is 1 . 

14. The compoimd according to claim 9, wherein R^^ is -C(0)CH3. 

15. The compound according to claim 9, wherein R^^ has the formula: 
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19. 





wherein R"^ and are as defined in claim 1 . 

16. The compound according to claim 15, wherein R^ is -C(0)-CH2-0H. 

17. The compound according to claim 15, wherein R^ is hydrogen. 

1 8. The compound according to claim 1, wherein G has the formula: 



^ q t q t 



ORIS 



and R^^ is a macrolide. 

The compound according to claim 1, wherein G has the formula: 



q t q 



q t q 




and R^^ is a macrolide. 



20. The compound according to claim 1, wherein R^^ is selected from the group consisting 
of: 




and pharmaceutically acceptable salts, esters and prodrugs thereof, wherein 

R is selected from the group consisting of: 

hydrogen, hydroxy protecting group, R^, and -V-W-R^^, 
wherein 

V is -C(0), -C(0)0-, -C(0)NR^-, or absent, and 
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^ W is Ci-e alkyl, or absent; 
alternatively R^^ and R^"^, taken together with the atoms to which they are bonded, form: 




Q is selected from the group consisting of: 

-NR^CH2- -CH2-NR^~ "C(OH -CC-NR^)-, -C(=N0RV. -C(=N-NR^RV. 
-CH(OR^)- and-CH(NR^RV; 

R^^ is selected from the group consisting of: 

i) Ci.6 alkyl, ii) C2-6 alkenyl, and iii) C2-6 alkynyl; 

wherein any of i) - iii) optionally is substituted with one or more moieties 
selected from the group consisting of -OR"^, aryl, substituted aryl, 
heteroaryl, and substituted heteroaryl; 
R^^ is selected from the group consisting of: 

a) -OR^^ b) C1.6 aUcyl , c) C2-6 alkenyl, d) C2-6 alkynyl, e) -NRV, f) -C(0)R^ 
g) -C(0)-Ci.6 aUcyl-R^^ h) -C(0)"C2.6 alkenyl-R^^ and i) -C(0)-C2.6 alkynyl-R^^ 
wherein any of b) - d) optionally is substituted with one or more R^^ 
groups; 

alternatively, R^"^ and R^^, taken together with the atoms to which they are bonded, form: 

p>23 




wherein 



L is CH or N, and 
R^Ms -OR^ orR^; 



R^^ is -OR 



17. 



alternatively, R^^ and R^^, taken together with the atoms to which they are bonded, form 
a 5-membered ring by attachment to each other through a linker selected from the group 
consisting of: 

-OC(R^)(R^)0-, -0C(0)0- -OC(0)NR^- -NR^C(0)0-, -OC(0)NOR^-, 



.N(OR0C(O)O-, -OC(0)N-NR^R^-, -N(NR^R^)C(0)0-, -OC(0)CHR^-, -CHR^C(0)0- 
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-oc(S)o-, -oc(S)nr2-, -m?c(S)o- -oc(S)norS -n(or')C(S)o-, 

-OC(S)N-NR^rS -N(NR^R2)C(S)0-, -0C(S)CHR^-, and -CHR^C(S)0-; 
alternatively, Q, R^^, and R^°, taken together with the atoms to which they are bonded, 

form: 



5 




wherein 

MisOorNR^; 

R is selected from the group consisting of: 
hydrogen, F, CI, Br, and Cue alkyl; 

10 R^^, at each occtirrence, independently is selected from the group consisting of: 

hydrogen, -OR^, -O-hydroxy protecting group, -O-Ci-6 alkyl- J-R^^, 
-O-C2-6 alkeny^J-R^^ -O-C1.6 alkyny^^R^^ and -NRV; 
alternatively, two R^^ groups taken together are =0, =N-OR^, or =N-NR^R^; and 

R^ R^ R^^ R^^ and J are as described in claim 1 . 

15 21. The compound according to claim 1 , wherein G has the formula selected from the group 
consisting of: 
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22. The compound according to claim 1, wherein G has the formixla: 

o 



5 




wherein n = 1, 2, 3, or 4. 
23. The compound according to claim 1, wherein G has the formula: 
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24. 



25. 




wherein n = 1, 2, 3, or 4. 

The compound according to claim 1, wherein G has the formula: 

o 

.o^^ CH3 




wherein n == 1, 2, 3, or 4. 

The compound according to claim 1, wherein G has the formula: 




wherein n = 1, 2, 3, or 4. 



26. The compound according to claim 1, having the formida: 

G 




wherein G is as described in claim 1. 
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27. The compoxmd according to claim 26, wherein G has the formula selected from the group 
consisting of: 



5 




357 
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or a pharmaceutically acceptable salt, ester, or prodrug thereof. 



29. A compound having the structure correspondmg to any of the structures listed in Table 1, 
or a pharmaceutically acceptable salt, ester, or prodrug thereof. 

30. A compound having the structure corresponding to any of the structures listed in Table 2, 
5 or a pharmaceutically acceptable salt, ester, or prodrug thereof. 

31. A pharmaceutical composition comprising a compoimd according to aay one of claims 
1-30 and a pharmaceutically acceptable carrier. 

32. A method of treating a microbial infection in a mammal comprising administering to the 
mammal an effective amoimt of a compoimd according to any one of claims 1-30. 

10 33 . A method of treating a fungal infection in a mammal comprising administering to the 
mammal an effective amount of a compound according to any one of claims 1-30. 

34. A method of tlreating a parasitic disease in a mammal comprising administering to the 
mammal an effective amount of a compound according to any one of claims 1-30. 

35. A method of treating a proliferative disease in a manunal comprising administering to the 
1 5 mammal an effective amoimt of a compound according to any one of claims 1-30. 

36. A method of treating a viral infection in a mammal comprising administering to the 
mammal an effective amount of a compound according to any one of claims 1-30. 

37. A method of treating an inflammatory disease in a mammal comprising administering to 
the mammal an effective amount of a compound according to any one of claims 1-30. 

20 38. A method of treating a gastrointestinal motility disorder in a mammal comprising 

administering to the mammal an effective amount of a compound according to any one of claims 
1-30. 

39. The method according to any one of claims 32-38 wherein the compound is administered 
orally, parentally, or topically. 

25 40. A method of synthesizing a compound according to any of claims 1-30. 

41 . A medical device containing a compound according to any one of claims 1-30. 



361 



wo 2004/029066 PCT/US2003/030478 

The medical device according to claim 41, wherein the device is a stent. 
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